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Summary 
The productivity of pigeonpea in India is constrained by various 
abiotic and biotic stresses resulting in drastic reduction in its yield. 
Among the biotic stresses, insect pests, particularly podfly, 
Melanagromyza obtuse Malloch is known to inflict heavy crop losses. 
The technology available for its effective management is far from 
satisfaction. Only a negligible number of farmers adopt pest control 
measures against this noxious pest species podfly. Its hidden nature 
inside the pod is considered to be a major factor for getting limited 
attention both from entomologists, extension workers and farmers. In 
these circumstances, the research on podfly needs to be strengthened. 
Therefore, the research work in the form of present manuscript will go a 
long way to help the farmers to choose the most appropriate method to 
contain the podfly population. 
The biology of podfly, Melanagromyza obtusa was studied in 
relation to the host. The insect completed three generations on late 
pigeonpea cultivars. There was a significant effect of resistant and 
susceptible cultivars on different biological parameters. Temperature 
also greatly affected the duration and dynamics of podfly. The 
incubation period was higher (3.35 to 4.82 days) on SL12-1 (resistant) 
as compared to Bahar (2.14 to 4.62 days) and NA1 (2.2 to 3.8 days), 
the susceptibles. Similarly, fecundity showed a significant variation 
among the cultivars in all the three generations. However, the females 
reared on different cultivars did not exhibit a significant variation in egg 
laying, when allowed to oviposit on a common host. Therefore, this 
could be concluded that the resistance in pigeonpea against podfly was 
only due to oviposition non preference. Resistant variety prolonged the 
total generation time as compared to susceptible varieties. The shortest 
generation time, 22.4 days (NA1), 22.9 (Bahar) and 29.7 (SL12-1), was 
observed in third generation. Whereas, the longest generation time was 
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recorded in first generation exhibiting 43.4, 48.6 and 51.5 days on NA1, 
Bahar and SL12-1, respectively. The variation among the generations 
was attributed to the varying temperature, which prevailed during the 
experimental period. 
Three parasitoids; Ormyrus orientalis, Euderus agromyzae and 
Eurytoma ranjithi were recorded parasitizing M. obtusa on late 
piogeonpea. Eurytoma ranjithi Narendran was for the first time recorded 
on any host. The ormyrus orientalis was the major parasitoid causing 
parasitization as high as 14%, followed by Euderus agromyzae (7%) 
and Eurytoma ranjithi (2.5%). The parasitoids appeared in the field as 
soon as the pods and the podfly were available. The parasitization 
increased gradually and reached to its peak in 12 SW coinciding with 
the crop maturity. A significant effect of cultivars was noticed with 
respect to the overall parasitization. It was 22.5, 24.0 and 8.4% 
(2000-01) and 24.3, 25.0 and 9.3% (2001-02) on Bahar, NA1 and 
SL12-1, respectively. Variation in parasitization among cultivars with 
respect to the particular parasitoid species {Ormyrus orientalis and 
Euderus agromyzae) was also observed. Since, Euderus agromyzae is 
a larval ecto parasitoid, it might have become difficult for female 
parasitoid to insert eggs into these pods because of the constriction 
between the locules. However, the reasons for Ormyrus orientalis, a 
pupal parasitoid seem to be a mystery. It is therefore important to 
further investigate the reasons for the influence on the parasitization 
shown by cultivars. 
In order to find out the most appropriate time for the application of 
management strategies, the staggered podding behaviour of the 
pigeonpea cultivars needed to be known. Keeping in view, the podding 
behaviour of two commonly used late pigeonpea varieties (NA1 and 
Bahar), sown on two different dates, was studied. Bahar undergo two 
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flushes of podding, one prior to cold spell (2-3 SW) and other at the 
post (8-10 SW). Interestingly, the critical pod stage coincided with the 
peak egg laying of podfly and no significant change in podding 
behaviour was observed, when sown on 15 August (one month late). 
However, major contribution of pod setting was attributed to second 
flush (8-10 SW). On the other hand, NA1 showed the main flush of pod 
setting between 8-11 SWs. The late sown crop observed the same 
trend as of the timely sown crop. The podding behaviour of a particular 
variety in relation to the podfly egg laying could be useful in choosing 
the most appropriate time for the application of control measures. This 
way, the excessive use of synthetic insecticides can easily be averted. 
The population build up of podfly and its parasitoids was studied 
for two successive cropping seasons. The podfly started egg laying as 
soon as the pods appeared in pigeonpea fields. Two peaks of egg 
laying were observed, one before (2-4 SW) and other after the cold 
spell (9-11 SW). The parasitoids appeared simultaneously with the 
presence of podfly immature stages. There was a gradual increase in 
parasitization with respect to temperature and crop maturity. The eggs 
and maggots showed a negative correlation with climatic parameters as 
well as parasitoids except relative humidity. Conversely, parasitoids 
exhibited a strong positive correlation with temperature and negative 
with relative humidity. There was a cumulative effect of biotic and 
abiotic factors on the population build up of podfly. On the other hand, 
temperature greatly influenced the population build up of parasitoids. 
Evaluation of different IPM modules against podfly revealed that 
intercropping of pigeonpea with sorghum and urdbean exhibited no 
effect on podfly incidence, however, the pigeonpea equivalent yield was 
increased as compared to the sole crop. Since, the intercrops were 
harvested before the podding stage of pigeonpea, the open rows could 
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facilitate the spraying of the different treatments. The IPM modules 
tested against the podfly revealed that CIPM was the most effective in 
reducing the grain damage and increasing the grain yield which was 
also at par with BIPM and significantly superior to NIPM. Keeping in 
view the demerits of synthetic insecticides, BIPM proved to be the most 
appropriate strategy against podfly with two sprays of NSKE, a widely 
and easily available bio-pesticide. 
When the relative performance of most widely used relatively 
eco-friendly insecticides to manage the podfly was evaluated, it was 
found that dimethoate, profenophos and quinolphos, sprayed twice, 
were superior to others. Maximum yield (1660 to 2046 kg/ha) and 
minimum grain damage (13.5 to 21.6%) was recorded in these 
treatments. The other treatments also showed a significant reduction in 
grain damage and increase in grain yield as compared to untreated 
check (38.4 to 44.8). To determine the effect of plant products, it was 
found that NSKE 5%, garlic and onion 2% each, were the most effective 
against podfly. Among the commercial formulations of neem, Multineem 
(Multiplex Ltd.) and Achook (Godrej Agrovet Ltd.) proved to be the most 
promising, showing the results at par with NSKE. 
The ovipositional deterrent property of plant products was 
evaluated at 2, 5 and 10 days intervals. It was observed that NSKE 5%, 
onion and garlic (2% each), eucalyptus oil, cedar wood oil (0.2% each) 
reduced the egg laying significantly upto 5 days as compared to 
untreated control. These products, however, could not influence beyond 
5 days except NSKE that managed to reduce 50% egg laying upto 10 
days after spray. 
The most commonly used insecticides along with NSKE were 
evaluated for their performance against podfly and its parasitoids. The 
results indicated a common trend of population fluctuation of podfly and 
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its parasitoids, recorded at weekly intervals. A significant variation 
between the treatments was, however, observed. The results based on 
the two successive cropping seasons revealed that profenophos and 
dimethoate were potential insecticides against podfly and also relatively 
safe to parasitoids. NSKE proved to be the safest to parasitoids being 
at par with untreated check, but was not very effective to contain podfly 
population as compared to synthetic insecticides. Endosulfan and 
monocrotophos were found toxic to the parasitoids, exhibiting a 
significant reduction (8.3 to 9.9%) in parasitization against untreated 
check (19.9%). 
The IPM modules tested in the station trials were validated in the 
farmer's fields. Two IPM modules (BIPM and CIPM) were compared 
with farmer's practice. The results revealed that both modules were 
equally effective being statistically at par with each other. The CIPM 
module was, however, the most cost effective (1:2.75). 
FUTURE THRUST AREAS 
The fact that podfly, M. obtusa is a key and most serious insect 
pest of pigeonpea and hence should receive priority in research but 
unfortunately has altogether been ignored. Podfly, M. obtusa Malloch is 
a specific pest of pigeonpea and its status as a pest has been quite 
underestimated because of being confined to the areas of northern and 
central India. The pest has thus escaped the attention of research 
workers, leading to major yelling gaps in the knowledge about this pest. 
The areas that need emphasis on research and considerations include 
mainly the attention of research workers towards this pest. As far as the 
pest is concerned, working out its population dynamics through life 
table studies will be a milestone. Development of suitable artificial 
rearing technique is a pre-requisite for any further study on the basic 
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aspects of this pest and its parasitoids. Studies on biophysical and 
biochemical basis of host plant resistance as well as genetics of the 
resistance should receive priority. The studies on tritrophic interaction 
are very important to investigate the reasons for the influence on the 
parasitization shown by cultivars. In addition, most importantly, the 
farmers need to make aware of the pest and its mode of damage. 
Neem can be a very good alternative of synthetic insecticides and is 
widely available, but needs to be introduced among the farmers as a 
good friend of them in combating this serious pest. 
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Introduction 
Pulses occupy a special position in agriculture worldwide both for 
improving soil fertility through symbiotic nitrogen fixation and as a major 
source of protein. They are an integral component in subsistence 
farming system of the tropics and subtropics. Their cultivation improves 
physical characteristics of the soil by virtue of their deep and well 
spread root system. They occupy an important part of the vegetarian 
diet in India, being the largest producer and consumer of pulses in the 
world accounting for 35-36% of world area and 27-28% of world output. 
The area under pulses has been fluctuating between 20-24 million 
hectares and producing 10-15 millions tones of grains with the 
productivity of 475-550 kg/ha (Appendix I). 
Pigeonpea is one of the most important pulse crops, widely 
grown by small farmers in the semi-arid tropics as a backyard 
subsistence crop and is produced commercially in India, Myanmar, 
Kenya, Malawi, Uganda and a few countries of Central America like 
Dominican Republic, Haiti and Puerto Rico. Being a profitable and 
popular crop, it brings good prices in the market, providing high quality 
vegetable protein, animal feed and firewood (Shanower and Romies, 
1999). Protein and other nutritional contents of pigeonpea seed 
compares well with that of other important grain legumes (table 1). 
In India, pigeonpea ranks second contributing over 90% of the 
world production. However, its productivity is far below than potential 
yield (Appendix II). The major constraint for low yield is due to heavy 
infestation of an array of insect pest complex during reproductive phase 
of the crop. Pest complex commonly occuring on pigeonpea include; 
lycanid borer Lampides boeticus Linnaeus, plume moth Exelastis 
atomosa Walsingham, gram pod borer Helicoverpa armigera Hubner, 
podfly Melanagromyza obtusa Malloch, bruchid borer Callosobruchus 
sp., brown bug Clavigralla gibossa Spinola and thrips. Among these, 
the podfly Melanagromyza obtusa Malloch is the key pest in late 
Introduction 
maturing pigeonpea causing heavy crop losses in India. This pest is 
widely distributed in Asia and Australasia (Fig 1). It was also reported 
from Puerto Rico and Dominican Republic in 2000 and recently (Dec, 
2003) for the first time in the continental United States, Miami, Florida. 
(Source: http://extlab7.entnem.ufl.edu/PestAlert) 
The podfly is the most predominant and major insect pest of 
pigeonpea in north India contributing nearly 40-75% of total pest 
caused crop losses in pigeponpea. This pest is the single major factor 
responsible for heavy crop losses in late maturing pigeonpea in Uttar 
Pradesh, Bihar, Madhya Pradesh, Rajasthan and Maharashtra (Fig 2). 
Crop loses due to podfly have been estimated from 10 to 95 percent 
(Ahmad, 1938; Gangrade, 1963 and 64; Bindra and Jakhmola, 1967; 
Srivastava et al., 1971 and Kooner et al., 1972). The total loss in terms 
of production and monetory value is estimated to be around 250- 300 
thousand tones and 3750-4500 million rupees per year, respectively 
(Lai and Katti, 1997). 
It is a monophagous species and causes destruction to the 
developing seeds of pigeonpea crop. The damage caused by immature 
stages (Plate 1D) of M. obtusa is much beyond economic level. A single 
larva in its lifetime consumes and destroys one complete seed and 
sometimes it has been seen to move to adjacent seed of the same pod 
to continue the feeding if the first seed could not fulfill its requirements 
(Ipe, 1974). The female, with the help of ovipositor, insert its eggs 
inside the pod wall (Plate 1 A & C). After hatching, the young larvae 
attach themselves to the soft seeds inside the pods and initially feed on 
the seed surface (Plate 1 B). Later, they mine into the seeds and these 
mines change into deep galleries and the seeds become unfit for 
human consumption and germination (Lai and Yadav, 1994). Before 
pupation, they make an exit hole to enable the future fly to escape 
(Plate 2 A & B). Although various life parameters of this insect have 
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been studied carefully in the past but mostly confined to laboratory 
conditions. Information on its biology with respect to different cultivars in 
different ecological conditions is lacking. Further, the number and 
duration of generations completed by this pest with reference to host, 
with an objective to juncture it with management practices, has been 
given no attention at all. ' 
This pest is protected from predators and contact insecticides, 
throughout most of its life. This, with the help of favourable conditions 
leads the population build up rapidly to very damaging levels. In order 
to provide an effective control of podfly M. obtusa, an integrated 
approach involving use of insecticides, host plant resistance and 
biological control have been recommended. Till date, chemicals are the 
only available efficient strategy against M. obtusa yet it involves several 
limitations such as (I) it has not been found so promising as even after 
two or three applications of insecticides, the crop still undergo 
considerable losses (II) Insecticides are mostly unsafe to natural 
enemies and also cause hazards to mankind (III) Pest resurgence and 
development of resistance. 
For effective management, need based application of chemicals 
requires an ecological approach. Population buildup has been studied 
earlier but it needed to be done in a better scientific way on the high 
yielding varieties. The study of biotic and abiotic factors responsible for 
fluctuation in the podfly population on a particular crop maturity group 
may assist in the prediction of its occurrence in a given area. Although 
insecticides are available to control podfly, information on the toxicity of 
these chemicals, in relation to immature as well as adult stages of the 
pest and the key natural enemies needs to be generated to make the 
pest control more effective and eco-friendly (Lai and Katti, 1997). 
Unfortunately, neither of the published reports listed parasitism 
records on weekly basis in late pigeonpea cultivars. It will be important 
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to ascertain the dominant species, especially in the northern areas of 
India where podfly is a major problem. No work on impact of different 
cultivars on parasitization has been done so far, which can help to 
check the compatibility of a particular podfly parasitoid with the crop 
cultivar concerned. The literature, therefore, invited to conduct 
experiment on searching out the potential parasitoids with an objective 
to conserve and if possible, augment them. 
Considering the above facts, a work plan was chalked out with 
the following specific objectives: 
1. Determination of various biological parameters of podfly, 
Melanagromyza obtusa Malloch with relation to host 
cultivars. 
2. Determination of natural parasitization on M. obtusa with 
relation to host cultivars. 
3. Impact of abiotic factors on population buildup of M. obtusa 
vis-a-vis parasitoids. 
4. Interaction of oviposition behaviour of M. obtusa with pod 
setting of pigeonpea cultivars. 
5. Management strategies 
a) Searching out potent insecticides safer to parasitoids. 
b) Evaluation of IPM modules against M. obtusa . 
c) Evaluation of insecticides and eco-friendly botanicals against 
M. obtusa. 
f) Validation of IPM modules for management of M. obtusa at 
large scale farmer's fields. 
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Table 1. Distribution of some dietary nutrients in different parts 
of mature pigeonpea seed. 
Constituents 
Part of seed 
(%) 
Protein (%) 
Lysine ^ 
Thereonine ^ 
Methionine ^ 
Cystine ^ 
Carbohydrates 
(%) 
Fat (%) 
Fiber (%) 
Ash (%) 
Calcium ^  
Iron' 
Thiamine ^ 
Riboflavin' 
Niacin' 
Seed 
100 
20.5 
6.8 
3.8 
1.0 
1.2 
64.2 
3.8 
5.0 
4.2 
296 
6.7 
0.63^ 
0.16^ 
3.1^ 
Cotyledoi 
85.3 
22.2 
7.1 
4.3 
1.2 
1.3 
66.7 
4.4 
0.4 
4.2 
176 
6.1 
0.40' 
0.25' 
2.2' 
Embryo 
0.7 
49.6 
7.0 
4.7 
1.4 
1.7 
31.0 
13.5 
1.4 
6.0 
400 
13.0 
-
-
-
Seed 
coat 
14.3 
4.9 
3.9 
2.5 
0.7 
-
58.7 
0.3 
31.9 
3.5 
917 
9.5 
-
-
-
Reference 
Singh & 
Jambunathan,1982 
~ 
~ 
~ 
~ 
~ 
Singh ef a/., 1968 
~ 
~ 
~ 
~ 
~ 
1. 
3. 
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mg 100 g''' dry matter 
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Fig 2. Distribution of podfly caused grain damage in pigeonpea in different 
states of India 
Source: AICPIP Consolidated Report on Kharif Pulses, Entomology 
1980-81 to 1994-95 IIPR, Kanpur, India 
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The "leaf mining flies" or agromyzids have attracted the attention of 
entomologists from very early times due to their economic importance. 
Curtis was the pioneer followed by Clausen (1918) to describe the 
biology of Phytomyza lateralis, Agromyza violae (1844), and Phytomyza 
nigricornis (1845). Thereafter, De Meijere from 1914 to 1950 and 
Henning (1941) described many agromyzid flies. 
The knowledge on Indian agromyzids is of very recent origin, 
rather fragmentary. Ahmad (1938), Pandey and Agarwal (1963) were the 
pioneers who carried out the biological, morphological and anatomical 
details of M. obtusa and Ahmad and Gupta (1941) on pea leaf miner 
Phytomyza atricornis. The morphological details, taxonomic characters 
and biology of some Indian agromyzids have been well documented by 
Pandey (1962), Sehgal and Trehan (1963) and Tandon (1963). 
Biology of podfly 
No sooner the first report of the tur podfly poured in (Lefroy, 1909) 
than it was re-described as Agromyza obtusa (Malloch, 1914). De Meijre 
(1922) opined it to be Melanagromyza weberi on pigeonpea and 
Flemengia sp. but Henning (1941) confirmed it to be M. obtusa. In spite 
of the elaborative work carried out on the agromyzids, the biology of 
podfly Melanagromyza obtusa Malloch has received meager attention. 
The white eggs laid into the succulent green pods are broad and 
rounded posteriorly and narrow anteriorly (Ahmad, 1938; Singh et a!., 
1982; Lai et ai, 1988). Contradictory reports have been given on the 
number of eggs per pod varying from 4 to 7 (Ahmad, 1938; Singh and 
Rai, 1984) and 1 to 13 (Singh et ai, 1982). Temperature and relative 
humidity influence the longevity of the egg/incubation, larval and pupal 
periods. As far as incubation period is concerned, at constant 
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temperatures of 18, 22, 25, 27 and 28°C, it is completed in 9.6, 4.0, 3.5, 
2.5-3.0 and 2.3 days, respectively (Pruthi, 1937; Ahmad, 1938; Ipe, 1974; 
Singh, 1982). Similarly, development of larvae lasts for 19.1, 18.4, 6.1 
and 5 days at fluctuating temperatures of 17-21°C, 17-22°C and 23-28°C, 
29-34°C, respectively. Besides, at constant temperatures of 27°C and 
29°C, it requires 9.8 and 5 days, respectively (Pruthi, 1937; Ipe, 1974; 
Singh et al., 1982 and Singh and Rai, 1984). Before entering into the pre-
pupal stage, the final instar larva cuts an exit hole in the pod wall and 
subsequently becomes inactive, it lasts for about 6 hours to 0.67 days 
(Ipe, 1974 and Singh et al., 1982; Singh and Rai, 1984). Rise in 
temperature from 15 to 27°C reduces the pupal duration from 30.5 to 8 
days. (Pruthi, 1937; Ahmad, 1938; Singh et al., 1982; Singh and Rai, 
1984). The adult longevity varies from 2 to 8 days (Ahmad, 1938), the 
temperature and food supply exhibit a direct bearing. 
Oviposition by M. obtusa lasts for about 3-4 days (Singh et al., 
1982). Reports on preference of egg laying sites vary from upper 
(Sithanantham et al., 1981) to middle region pods (Kaushik et al., 1988), 
dorsal (Sithanantham et al. 1981; Singh et al., 1982; Lai et al. 1988) and 
ventral suture, and four locule pods (Das and Katiyar, 1998). Pod width 
and length greatly influence the egg laying of podfly (Veda et al., 1975; 
Tripathi and Prohit, 1963; Lai etal., 1988; Jhakur et al., 1989). 
Host Plants 
Melanagromyza obtusa attacks five genera of the family 
papilionaceae, but only pigeonpea and Flemingia macrophylla are of 
commercial importance (Kulkarni, 1966). Okra {Abelmoschus esculentus 
L.), safflower {Carthamus tinctorius L.), sesame (Sesamum indicum L.), 
Vigna radiata and Rhynchosia minima are some of the other alternative 
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hosts of this fly (Venugopal and Venkataramani, 1954; Husain and Khan, 
1965; David and Janagarajan, 1969; Pate! and Verma, 1973; Abraham et 
al., 1973; Spencer, 1973; Sharma and Singh, 1984; Khokhar et al., 1987; 
IVlehrotra etal., 1989 and Talekar, 1990). However, Sehgal (1987) opined 
that these authors had mistakenly identified M. hibisci Spencer 
(Agromyzidae) as M. obtusa on Okra. The controversy deepened further 
when La( and Katti (1997) questioned the authenticity of these crops as 
hosts of M. obtusa. Very recently, Shanower et. al. (1998) have very 
strongly stated that these reports should be extensively scrutinized 
before confirming their suitability as host for the podfly. 
Parasitization 
The concealed behaviour of the podfly larvae renders control by 
insecticides as ineffective. Emtomogenous pathogens have been found 
very effective against some of the economically important insect pests in 
different crop ecosystems. So far, no effective and useful pathogen either 
virus, bacteria, fungi or protozoa has been reported to infest M. obtusa, 
yet, indigenous strains of parasitoids have the great potential to be used 
as a biological weapon if exploited properly through conservation and 
augmentation (Lai and Katti, 1997). 
Ahmad (1940) gave a meticulous account on the biology of 
Euderus lividus. During April, he observed nearly 50% parasitisation of 
Agromyza obtusa Mall. (= Melanagromyza obtusa) by this parasite. 
Studies on the natural enemy complex of M. obtusa have remained 
confined to three groups of parasitoids namely, Euderus spp., Eurytoma 
sp. and Ormyrus spp. (Singh, 1982; Singh, 1992; Sebastian, 1993). A 
brief account of the parasitoids reported on M. obtusa has been listed in 
table 2. 
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Doubt looms over the two species viz., Sengalella sp. (Singh, 
1991) and Bracon flelcheri Silv. (Sah and Mehra, 1986; Singh, 1991) 
being the parasites of M. obtusa. Singh (1982) for the first time recorded 
Ormyrus orientalis parasitising M. obtusa but the most extensively 
studied parasite species is Euderus lividus. The extent of parasitisation 
largely depends on the regional and seasonal abundance of the parasite 
species (Singh, 1982). The Kulu valley is predominated by eulophids as 
compared to braconids in western Uttar Pradesh (India). Their cumulative 
parasitisation is nearly 60% during the month of March. The population 
build up of the parasite species {Euderus lividus, Ormyrus orientalis and 
Eurytoma sp.) is directly proportional to the availability of the podfly 
larvae (Singh, 1992). The eggs of Euderus lividus (ectoparasite) are laid 
either on the pod wall or the coat of the developing grains. However, 
Ormyrus orientalis females lay eggs inside the body of the final instar 
larva of M. obtusa and complete its development within the pupae of the 
host (Singh, 1992). 
The different parasites of the podfly viz., Ormyrus sp., Euderus 
spp., Eurytoma sp., and Antistrophoplex sp. have been rated as 
abundant, common, uncommon and rare, respectively (Fellowes and 
Amarasena, 1977; Sithanantham et al., 1983). The chalcids and 
braconids collectively attack nearly 32 8% pupae of agromyzids (Tandon, 
1963). Peter (1992) and Sebastain (1993) reported 4.0, 3.25 and 5.2-7.3 
per cent parasitism by Ormyrus fredricki, Eupelmus sp. and Euderus 
agromyzae, respectively. 
Effect of host plants on parasltization of podfly 
The effect of resistant plants may influence the size of the host 
insect which subsequently may influence the prolificacy, size and 
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perhaps sex of the insect parasite (Painter, 1951). The resistant variety 
may prolong the larval period of pest or weaken it, resulting into 
vulnerability to biocontrol elements (Maxwell 1972). Multitrophic effects 
create opportunities to increase the effectiveness of natural enemies, but 
the enemies' behaviour and other factors will affect the results. It is now 
recognized that almost every mechanism of plant defense exhibits 
measurable impacts, positively or negatively, upon the third trophic level 
involving natural enemies of herbivores. The details of direct and indirect 
effects of plants on herbivores and subsequently to the natural enemies 
at the chemical level are receiving greater attention and the study of 
tritrophic interactions integrate units in developing a better approach 
towards pest management programmes (Boethel and Leteurnean, 1988). 
The effect of cultivars has been extensively studied by scientists on a 
variety of crops showing the tritrophic interaction (Reed et ai, 1970; 
Lewis e^  a/., 1972; Altahtavy et ai, 1976; Fenny, 1976; Greenblatt and 
Barbosa, 1981; Boethel and Eikenbery, 1986; Shukia, 1990; Riggin etai, 
1992; Eben et ai., 2000). Different cultivars have exhibited differential 
response in parasitization and such variations were attributed to the 
difference in host abundance (Sithanantham et ai 1987). Late maturity 
pigeonpea genotypes have high level of parasitization as compared to 
early maturing cultivars was the opinion of Singh (1982), where as, Lai 
and Yadav (2001) advocated that the resistant varieties of pigeonpea to 
podfly show less parasitization as compared to susceptible cultivars. 
Population studies 
The seasonal population dynamics of M. obtusa are governed by 
its restricted host range and feeding niche. Its infestation can increase 
rapidly over a relatively short period (Rangiah and Sehgal, 1986). 
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Positive correlation exists between podfly oviposition and temperature 
(Ahmad, 1938; Lai et al., 1981; Yadava et ai, 1983; Srivastava et al., 
1991; Das and Odak, 1992). Kulkarni (1966) reported that pods of F. 
macrophylla were infested from mid-November to mid February. This 
plant supported M. obtusa in uncultivated areas and could produce 
flowers and pods in the summer (Sithanantham and Sehgal, 1985; 
Khokhar et al., 1987). Mean temperature and relative humidity between 
20 and 28°C and 51-53% are the conducive conditions for rapid 
multiplication of the podfly (Das and Odak, 1992; Das and Katyar, 1998; 
Dahiya et al., 1999). According to Durairaj and Venugopal (1996), 
pigeonpea grown in February receives maximum podfly infestation in 
Southern India. Temperature and parasites cause high larval mortality in 
podfly (Das and Katyar, 1998). Late pigeonpea has the staggered 
podding behavior as the pod setting starts in December and continues up 
to March besides, both the pod flushes are heavily damaged (Reddy et 
al., 1980). Akhauri e^ al. (1994), however, concluded that the podfly 
larvae increased from mid October to the mid of November with peak 
numbers occurring during the last week of November, thereafter, 
numbers fell until the crop attained maturity. 
With a view to ascertain the podfly population, Sithanantham 
et al. (1988) used vertical and horizontal sticky boards. Highest number 
of flies was captured on the white board adjusted at a height of 1.0 and 
1.5 m. They concluded that traps containing ammonium sulfide attracted 
the greatest (20%) number of podflies, however, the number per trap per 
week was very low (6.2). Shanower et al. (1998) suggested that due to 
low catch, this method cannot be effective in pest monitoring. 
Review of lilcraiurc '^ 
Cultural Control 
An important aspect of cultural control is the manipulation of 
sowing dates so that there is an asynchronization of the most susceptible 
stage of the crop with the most inactive period of pest activity 
(Veeraswamy, 1959; Yadav e^ a/., 1992; Reddy et ai, 2001). It has no 
effect on the population build up of the podfly (Bhadauria et ai, 1991). 
Besides, intercropping of pigeonpea on podfly has not revealed 
promising results (Sharma and Pandey, 1993). Kumar et al. (1992) and 
Dahiya et al. (1992) have made a contradiction stating that intercropping 
with mungbean and sorghum results in effective control of the podfly. 
Chemical Control 
Chemical control of M. obtusa requires a strategy different from 
that adopted for the stem feeding agromyzids. This is because unlike 
stem feeders, M. obtusa infestation occurs inside the pods that remain 
hidden till the harvest of the crop. There is a voluminous and often 
confusing array of reports on chemical control of M. obtusa in pigeonpea. 
A wide range of chemical insecticides has been tested, most frequently 
as liquid formulations. 
The first insecticides were tested in the early 1960s and included 
BHC, DDT, dipterex, endrin, parathion, dieldrin and methyl demeton. 
Among these, DDT, dipterex and endrin provided the best control (David, 
1964; Srivastava and Srivastava, 1966). Insecticides like phosphamidon, 
endosulfan, carbaryl, chlordimeform, monocrotophos, trizophos, 
thiometon and formothion can effectively reduce podfly population and 
thereby increasing the yield (Sangappa, 1977; Surulivelu, 1977; Sinha et 
al., 1977; Dandale et al., 1981; Daware and Dhanorkar, 1981; Yadav et 
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a/., 1983; Talati, 1983; Thakre et al., 1983; Sahu, 1991; Ghosh and Bera, 
1992; Pandao et al., 1993; Makar et al., 1994; Ujagir, 1999). Similarly, 
Carbosulfan @ 750 g a.i./ha, benfuracarb @ 500 g a.i./ha and 
ethofenprox @ 75 g a.i./ha have also been found highly effective in 
reducing pod and grain damage due to M. obtusa (Katti and Sachan, 
1998). Malathion, parathion, mevingphos, azinophos methyl are the other 
insecticides that have been reported effective against podfly 
(Thevasgayam and Canagasingham, 1960 and Borkar et al., 1996). 
Pandey (1962), Srivastava and Srivastava (1966) and Agarwal et al. 
(1985) have also reported endrin as a potent insecticide showing good 
results against podfly. 
Systemic insecticides are the better choice to control the podfly 
because of its concealed feeding. An effective control of podfly infestation 
can be achieved by two sprays of dimethoate or synthetic pyrethroids at 
50% flowering and then at an interval of 15 days (Okeyo, 1980; Thakur 
et al., 1980; Chhabra et al., 1981; Yadav et al., 1983; Mishra and 
Saxena, 1985; Lai and Yadav, 1988; Singh et al., 1988; Bhaduria et al., 
1988; Patel and Patel, 1989; Bhaduria et al., 1991; Parsana and Bhalani, 
1994; Reddy et al., 2001). Although quinalphos, endosulfan and 
monocrotophos proved to be effective against podfly but their toxic 
residues have been traced (Singh and Rai, 1985; Mishra and Saxena, 
1985; Sontakke and Mishra, 1991; Sharma et al., 1991; Senapati, 1992; 
Singh et. al, 2001; Bhandari and Ujagir, 2002; Patel etal., 2002). 
Neem and other plant products against some dipteran flies have 
also been reported giving promising results as antifeedants and 
oviposition deterrents by several workers (Singh and Srivastava, 1983; 
Webb et al., 1983; Meisner et al., 1987; Areekul e^ al., 1988; Sanderson 
etal., 1989; Stark etal., 1990; Parkman and Peinkowski, 1990; Dimetry, 
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1995; Ranganath et al., 1997; Jayakumar and Uthamasamy, 1997; 
Venkateshwarlu and Singh, 1998; Ragumoorthi et al., 1998; Ragumoorthi 
and Rao, 1998; Ameta and Gupta, 1998; Tomar, 1998; Van Randan and 
Roitberg, 1998). The literature on relative efficacy of these products 
against M. obtusa is, however, scanty. The toxic effect of neem on 
various dipteran flies including M. obtusa has also been well documented 
by several workers (Snvastava et al., 1984; Larew et al., 1985; Lindquist 
et al., 1986; Knodel et al., 1986; Marion et al., 1990; David et al., 1991; 
Singh et al., 1991; Azam, 1991; Krishnamoorthy and Srinivasan, 1996; 
Pawar et al., 1996; Patanaik, 1997; Saikia and Dutta, 1997; Shamshad 
etal., 1998; Singh, 1998; Larew, 1998; Bharpoda et al., 1998 and Walter, 
1999). 
High mortality of pigeonpea pod borer complex has been reported 
is obtained with a combination of endosulfan and neem oil or neem seed 
kernel extract (NSKE) (Manoharan, 1993 and Das, 1998). Among plant 
products, NSKE has the upper edge to control agromyzid flies effectively 
(Krishnamoorthy, 1993; Borkar and Urade, 1995; Bhandari and Ujagir, 
2002; Patel et al., 2002). The combinations of neem seed extract, cow 
dung and urine were moderately effective but the application of NSKE 
with Insecticide was the most effective (Sadarwate and Sarode, 1997). 
There has been no report of insecticide resistance in M. obtusa, 
but this has not been investigated. The impact of chemical pesticides on 
natural enemies of the podfly and their interaction with host plant 
resistance has also not been investigated (Shanowere/a/., 1998). 
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Climate and Weather 
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Climate in Kanpur is of subtropical type having three well defined 
seasons; winter, summer and monsoon. Winter starts from November 
and continues up to February, whereas summer sets in April/May. 
Months of May and June are the hottest wherein maximum day 
temperature usually touches 48°C. The second half of December and 
January are the coldest where temperature may plummets 4°C. The 
monsoon normally starts in the first week of July and continues with 
appreciable amount up to first week of September. 
Biology 
To study the biology of podfly, Melanagromyza obtusa Malloch, 
two susceptible pigeonpea genotypes viz., Bahar and NA1 and one 
resistant SL12-1 were grown in large fields (nearly 0.4 ha) and kept 
unprotected till harvest. At flowering, fifty randomly selected plants from 
each variety were caged individually with nylon nets (115 x 75 cm) 
(plate 5D). To facilitate podfly oviposition, the tagged plants having 
conducive pods for egg laying were uncaged for 24 hrs. In order to 
record the duration of different developmental stages of podfly (egg, 
larval and pupal), the pods were collected daily and investigated under 
the stereo zoom microscope. The incubation period was studied at an 
interval of 2 hrs based on the observation procedure proposed by Ipe 
(1974). As soon as the pupae were formed, they were collected and 
kept in the atmospheric chamber to record the duration required for 
adult emergence. Three successive generations were studied. The 
fecundity was recorded by releasing ten pairs of adults in caged plants 
using nylon nets (25 mesh) measuring 2 X 2 X 3m (plate 5 B). The pre-
oviposition period was recorded by releasing two pair of individuals. 
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replicated thrice, on pod bearing plants grown in pots (16 inch diameter) 
caged for 24,36,48,60 and 72 hours (plate 5 F). 
Parasitization 
To study the influence of host cultivars on the parasitisation, one 
resistant (SL12-1) and two susceptible genotypes (Bahar and NA1) 
were sown in large plots. Each plot was further subdivided into ten 
equal parts. Five hundred pods with developing grains, from each sub 
plot for each variety, were collected randomly and critically scrutinized 
under stereo zoom microscope to observe the immature stages of the 
parasitoids. These observations were taken at weekly intervals. 
Simultaneously, the maggots and pupae were transferred to individual 
petri dishes kept in atmospheric chamber till the emergence of adults of 
podfly or parasitoids. The adults of parasitoids, obtained from each 
variety, were kept separately. The percent parasitization of an individual 
species was worked out by dividing its individual count from the total 
number of maggots and puparia of podfly collected in a particular week. 
This way, the level of field parasitization was computed on each variety. 
The parasitoids so collected were preserved in 70% alcohol with a few 
drops of glycerine or in pampels fluid. The composition of pampels fluid 
was as under: 
a) 50% ethyl alcohol - 100.00 cc 
b) 40% formaldehyde- 6.5 cc 
c) Glacial acetic acid - 2.5 cc 
The parasitoid species were identified on the basis of 
identification keys and also sending them to expert taxonomists of the 
country. 
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Population studies 
The population dynamics of the different stages (viz., egg and 
larva) of the podfly was extensively studied on the cultivar Bahar. The 
population of eggs was ascertained by randomly collecting 100 
conducive pods daily. The observations were culminated at crop 
maturity. Similarly, the maggot and parasitoid population was recorded 
daily by closely scrutinizing and dissecting the pods of 30-45 days old. 
The data so generated was ultimately pooled to weekly observations 
and subjected to correlation- regression analysis. 
Podding behaviour of pigeonpea 
To study the correlation between podding pattern and oviposition, 
on cv. Bahar and NA1, observations were recorded weekly from ten 
randomly selected tagged plants. The observations on the number of 
pods and critical pods (conducive for egg laying) per plant per week 
were recorded for respective weeks. 
MANAGEMENT 
Effect of IPM modules against podfly 
This experiment was designed to develop an effective IPM 
module against M. obtusa on the late pigeonpea (Plate 5 A). The first 
spray was applied at 50% pod primordial stage followed by two at one 
week intervals. The other experimental details are as under: 
Main treatments 
Bi 
B2 
Bs 
Pigeonpea sole 
Pigeonpea + Sorghum (2:1) rows 
Pigeonpea + Urd bean (2:1) rows 
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Sub treatments 
Ci: NOIPM 
C2: Bio-intensive IPM 
C3: Chemo-intensive IPM 
Module 
Bio-intensive 
Chemo-
intensive 
1st spray 
Dimethoate 
0.03% 
Dimethoate 
0.03% 
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II spray 
NSKE 5% 
Endosulfan 0.07% 
III spray 
(If required) 
NSKE 5% 
Endosulfan 
0.07% 
Varieties used 
Pigeonpea: NA1 
Sorghum: CSV 15 (composite) 
Urdbean: Uttara 
Plot size: 5x4m 
Design: Split plot design 
Replicates: Six 
The following observations were recorded: 
a) Population count of eggs and maggots at an interval of 7 days 
after each spray. 
b) Pod and grain damage based on 200 pods, randomly 
collected from each plot at crop maturity. 
c) Pigeonpea equivalent yield 
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Equivalent Yield 
Based on the current existing price, tlie yield of tlie intercrops 
was converted into monetary return. Tiiis amount was subsequently 
adjusted with the current market price of pigeonpea. 
Calculation for cost benefit ratio 
To work out the economics of the different treatments, the cost of 
cultivation and the expenditure incurred on management practices were 
calculated. On the basis of present market value of pigeonpea, the 
gross return was worked out. This gross return divided by total cost of 
input resulted into the cost benefit ratio for each treatment. 
Preparation of NSKE 
In order to make 5% concentration of NSKE, fifty grams of 
pounded kernels were added in one litre of water. The pounded form 
was collected in a muslin cloth and soaked overnight in a container 
filled with water. The cloth was then squeezed and extract was filtered. 
To facilitate its effectiveness, emulsifier khadi soap solution (a soap 
with no detergent) @ 1 ml / litre was added to NSKE. Accordingly, the 
quantity was determined on the basis of requirement in different 
experiments. 
Effect of REF Insecticides 
With a view to determine relative efficacy of different eco-friendly 
insecticides and botanicals against podfly, an experiment was set in a 
randomized design for two successive years of 2000-01 and 2001-02. 
The area of each plot was kept 5 m apart, replicated thrice. Two sprays 
of each treatment were given, one at 50 % pod primordial stage and 
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second at an interval of 15 days. The population of eggs and maggots 
was recorded 15 days after each spray from 200 randomly collected 
pods from each replicate. Prior to harvesting of the crop, various other 
parameters viz., pod and grain damage were also studied. The yield 
was recorded at the harvest of the crop. Details of the experiment are 
given as follows: 
Treatment 
T1 
T2 
T3 
T4 
T5 
T6 
T7 
T8 
T9 
T10 
T11 
T12 
T13 
T14 
1st spray 
Acephate 0.07% 
Quinolphos 0.05% 
Lamdachylothrin 
ProfenophosO.1% 
Dimethoate 0.03% 
Imidacloprid 0.04% 
NSKE 5% Check 
Profenophos 0.1% 
Profenophos 0.1% 
Profenophos 0.1% 
Profenophos 0.1% 
Profenophos 0.1% 
Endosulfan 0.07% 
Unsprayed 
2"^ * spray 
Acephate 0.07% 
Quinolphos 0.05%) 
• 
Lamdachylothrin 0.002% 
Profenophos 0.1%) 
Dimethoate 0.03% 
Imidacloprid 0.04% 
NSKE 5% Check 
DimethoateO.03% 
Monocrotophos .04% 
Garlic extract 2% 
NSKE 5% 
Onion extract 2% 
Endosulfan 0.07% 
Materials and Methods 
Variety: 
Plot size: 
Design: 
Replications: 
NA1 
5x5 m 
RBD 
Three 
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Evaluation of plant products as repellents and/or oviposition 
deterrents 
The randomly selected pigeonpea plants were covered with nylon 
cages (115 X 75 cm) at flowering stage. Subsequently, at conducive 
pod formation stage the plants were uncaged and sprayed with different 
concentrations of the plant products/oils, replicated thrice. The efficacy 
of these treatments was compared with insecticidal and untreated 
check. After spraying, the treated plants were exposed to flies at 
definite intervals of 2, 5 and 10 days. Observations on larval population, 
oviposition and grain damage were recorded in each treatment. For the 
preparation of oil and water solution, the oils were first mixed with 
alcohol. Khadi soap as emulsifier and Tween 80 as surfactant were 
used for spreading and sticking, respectively. The details of the 
experiment are as follows: 
Treatments 
T1 Onion 
T2 Onion 
T3 Garlic 
T4 Garlic 
T5 Eucalyptus 
T6 Eucalyptus 
T7 Turpentine 
oil 
oil 
oil 
Concentration 
1% 
2% 
1% 
2% 
0.1% 
0.2% 
1% 
Materials; 
T8 
T9 
T10 
T11 
T12 
T13 
T14 
T15 
diid Methods 
Turpentine oil 
Pine oil 
Pine oil 
Cedar wood oil 
Cedar wood oil 
NSKE 
Dimethoate check 
Untreated check 
0.2% 
0.1% 
0.2% 
0.1% 
0.2% 
5% 
0.03% 
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Variety: Bahar 
Plot size: 5x4 m 
Design: RBD 
Effect of plant products on podfly 
Based on preliminary information on relative performance of 
various plant products as repellents and / or oviposition deterrents, the 
following products were tested in situ against the podfly incidence. The 
experiment was laid down in a randomized block design, replicated 
thrice. These products were sprayed twice, first at 50% pod primordia 
stage and then at an interval of 15 days. In order to ensure even 
spreading, surfactants were added to the solution. The details of the 
treatments are given as follows: 
T1 
T2 
T3 
T4 
T5 
Onion 
Garlic 
Onion 
Garlic 
Turpentine oil 
1% 
1% 
2% 
2% 
1% 
Materials and Methods 
T6 NSKE 
T7 Dimethoate 
T8 No spray 
5% 
0.03% 
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Population of eggs and maggots was counted two weeks after 
each spray by collecting 200 randomly selected pods from each 
replicate and opening them in the laboratory. 
Preparation of plant extracts 
For the preparation of garlic and onion extracts, sufficient quantity 
of mature bulbs were brought from the market. The cut bulbs were 
macerated in the grinder. The filtrate was obtained by squeezing the 
grinded material through the muslin cloth. 
Evaluation of neem products against podfly incidence 
Some of the available commercial formulations of neem as well 
as NSKE were evaluated against podfly under field conditions on Bahar 
cultivar. The experiment was conducted for two cropping seasons of 
2000-01 and 2001-02 in RBD with plot size of 5x4 m. Each treatment 
was replicated thrice. Two sprays of each treatment was given, one at 
50% pod primordia stage and next 15 days after the first. The neem 
products used, were added with surfactant (tween 80) to improve the 
spreading and sticking of the solution on plant surface. Pod damage, 
grain damage and yield of each treatment was worked out. The details 
of the experiment are given below: 
Treatments 
T1 Achook 1:100 
T2 Nimbecidine 1:100 
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T3 Blockade 1:100 
T4 Multineem 1:100 
T5 NSKE 5% 
T6 Neemarin 1:100 
T7 Dimethoate check 0.03% 
T8 Unsprayed Check 
Variety: Bahar 
Plot size: 5x4 m 
Design: RBD 
Effect of insecticides on podfly vis-a-vis parasitoids 
The Bahar variety of late pigeonpea was sown in the 
randomized plots (15 x 10m), replicated thrice, for two consecutive 
cropping seasons of 2000-01 and 2001-02. The mobility of podfly, 
M. obtusa and its parasitoids could have caused substantial and 
misleading inter plot effect in small plots, hence large size plots were 
selected. Five insecticides viz., dimethoate, monocrotophos, acephate, 
profenophos, endosulfan and NSKE (recommended doses) were 
compared with control (check). The crop was sprayed thrice and the 
first spray was done at the time of 50% pod primordial stage. From 
each plot, 50 randomly collected pods were examined daily so as to 
record the population of different immature stages of the podfly and 
also ecto-parasites, if any, under stereo zoom microscope. Similarly, 
the resting stages (pupae) were also collected and subsequently reared 
in atmospheric chamber till the emergence of podfly adults and / or 
parasitoids. The pods beyond 30 days of age group were considered in 
this experiment because younger pods could hardly show any visible 
stage of the parasitoid and also there was depletion of moisture content 
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of pods at a faster rate. The relative efficacy of insecticides on podfly 
vis-a-vis parasitoids was assessed. The grain damage was judged by 
counting the number of damaged grains out of 500 pods collected at 
maturity. The experimental details are given as under: 
Treatments 
T1 Dimethoate 
T2 Profenophos 
T3 Monocrotophos 
T4 Acephate 
T5 NSKE 
T6 Endosulfan 
T7 Untreated control 
Variety 
Plot size 
Design 
Concentration 
0.03% 
0.21% 
0.04% 
0.07% 
5% 
0.07% 
Bahar 
15x 10m 
RBD 
Validation of IPM modules against podfly in large-scale farmers 
fields 
A survey in the adjacent towns and villages of Kanpur was made 
to recognize the main pigeonpea cropping places. Ten farmer's fields 
were selected to validate the different IPM modules (Plate 5 E). All the 
necessary inputs including seeds, fertilizers etc. were provided to each 
farmer. They were advised to follow the recommended practices for 
raising pigeonpea and sorghum. From the selected farmer's fields, the 
observafions on egg and maggot population were recorded 15 days 
after each spray. Grain damage and yield were recorded at the time of 
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crop harvest. Cost benefit ratio for each module was also worked out. 
The details of the different modules are as follows: 
Varieties used 
a) Pigeonpea: NA1 
b) Sorghum: CSV-15 
Intercrop ratio: 2:1 
Module 
Farmer's practice 
Bio-intensive 
IPM module 
Chemo-intensive 
IPM module 
1st spray 
-
Dimethoate 
0.03% 
Dimethoate 
0.03% 
llnd spray 
-
NSKE 5% 
Endosulfan 
0.07% 
llird spray 
(If required) 
-
NSKE 5% 
Dimethoate 0.03% 
Table 3. List of insecticides/ bioproducts used in the investigation 
s. 
No 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
Common name 
Profenophos 
Monocrotophos 
Acephate 
Quinolphos 
Imidacloprid 
Lamdachylothrin 
Dimethoate 
Endosulfan 
Azadirachtin 
Azadirachtin 
Azadirachtin 
Azadirachtin 
Azadirachtin 
Trade name 
Confidor 
Sufos 
Starthene 
Flash 
Atom 
Karate 
Roger 
Endocel 
Achook 
Nimbecidine 
Blokade 
Multineem 
Neemarin 
Formulation 
50EC 
36 SL 
75 SP 
25 EC 
200 EC 
5 EC 
30 EC 
35 EC 
0.15% 
0.03% 
1% 
SEC 
0.15% 
Manufacturer 
Bayer India Ltd 
Bayer India Ltd 
Shaw Wallace & Co Ltd. 
Indofil Chemicals Ltd. 
Indofil Chemicals Ltd. 
ICI Zeneca Ltd. 
Bayer India Ltd 
Excel Industries Ltd. 
Godrej Agrovet Ltd. 
T. Stanes & Co Ltd. 
Searie Agrochemicals 
Multiplex Ltd. . 
Biotech Int. Ltd. 
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Biology of podfly with respect to host 
Various life parameters of Melanagromyza obtusa were studied in 
natural conditions on three pigeonpea varieties; Bahar and NA1 
(susceptible) and SL12-1 (resistant). 
Fi Generation 
Variation in incubation period of M. obtusa was of low magrtitude. It 
was maximum on SL12-1 (4.82 days), statistically at par with Bahar 
(4.62 days) and minimum on NA1 (3.80days). Similarly, the larval period 
was statistically significant between the resistant and susceptible 
varieties. It ranged between 15.6 (NA1) to 19.1 days (SL12-1). The 
longest pupal period (21.3 days) was encountered on SL12-1 showing 
statistical parity with Bahar (20.4 days), whereas, NA1 exhibited the 
lowest (18.8 days). Maximum interlude of adult period was obtained on 
Bahar (6.6 days) yet showing statistical parity with others. 
An insignificant variation in pre-oviposition period was observed 
on different cultivars (table 4). It was 40.8 hrs on SL12-1 followed by 
39.6 and 36.0 hrs on Bahar and NA1, respectively. Conversely, a 
significant impact of host preference was seen on fecundity. The 
number of eggs laid by female was found in a range of 22.1 (SL12-1) to 
35.6 (Bahar). The total duration (egg to adult) varied considerably; 51.5 
days on SL-12-1, 48.6 days on Bahar and 43.4 days on NA1. At egg 
stage, maximum and minimum temperature ranged between 22-23°C 
and 3-4°C, respectively. Whereas, it was 19-20°C and 2-3°C; 20-22°C 
and 3-4°C; 24-25°C and 4-6°C at larval, pupal and adult stages, 
respectively. 
Results and Discussion 
F2 Generation 
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Prevailing high temperature during this generation influenced the 
life cycle of M. obtusa. Incubation as well as larval duration exhibited 
marked variation with respect to varieties (table 5). The incubation 
period was maximum on SL1As far as pre-oviposition period was 
concerned, no significant variation with respect to varieties was 
observed. 2-1 (3.85days), followed by NA1 (3.10days) and Bahar 
(2.88days). The corresponding larval duration was 17.1, 9.3 and 10.9 
days. Similarly, the longest pupal period of 12.1 days was recorded on 
SL12-1 followed by 11.7 on Bahar and 10.2 on NA1. Furthermore, the 
adult longevity was inferred to be 5.9,5.8 and 5.4 days on SL12-1, NA1 
and Bahar, respectively. It ranged between 30 (NA1) to 33 days 
(SL12-1). Maximum fecundity (24.1) was obtained on NA1, yet showing 
statistical parity with Bahar (22.1 eggs). A significant reduction in 
fecundity (11.7 eggs) was, however, noted with respect to SL12-1. 
Variation in completion of total generation was of high order on different 
varieties. The longest generation time was recorded on SL12-1 
(38.9days) followed by Bahar (30.9) and NA1 (28.4). The temperature 
(maximum and minimum) at different developmental stages was 
recorded as 23-24°Cand 6°C at egg, 26-28°C and 8-9°C at larval, 25-
26°C and 9-10°C at pupal and 27-28° C and 10-12°C at adult stage. 
The adult pairs reared from each variety (F1 generation) were 
released on all the three cultivars separately. It was revealed (table 5b) 
that females exhibited a significant variation in egg laying (12.6 to 25.3 
eggs/female), among the cultivars, subsequently, no significant variation 
in egg laying (21.7 to 24.1 eggs/female on NA1 and 21.6 to 25.3 
eggs/female on Bahar) was observed on a common host. 
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F3 Generation 
Like F2 generation, the temperature greatly affected the dynamics and 
longevity of podfly (table 6). The total generation time was in the order of 
29.7 (SL12-1), 22.9 (Bahar) and 22.4 days (NA1). There was a 
significant effect of varieties on incubation pehod as evidenced from the 
data, it varied from 2.14 (Bahar) to 3.35 days (SL12-1). The larval period 
completed in 10.3 on SL12-1, 7.4 on Bahar and 6.7 days on NA1. 
Similarly, the pupal period to the tune of 9.6 days was recorded on 
SL12-1 followed by 8.land 8.0 days on Bahar and NA1, respectively. 
Similar was the trend with respect to adult longevity; the highest (6.5 
days) on SL12-1 followed by Bahar (5.3 days) and NA1 (5.5 days). The 
female reared on resistant variety took maximum pre-oviposition period 
(38.4 hrs) as compared to NA1 (28.8 hrs) and Bahar (27.6 hrs). 
Interestingly, fecundity of this generation was akin to that of second 
generation. Varieties did leave a significant impact on oviposition. The 
highest fecundity of 25 eggs was recorded on NA1 followed by 22 eggs 
on Bahar and 12 eggs on SL12-1. At different developmental stages 
(egg, larval, pupal and aduit), the temperature (maximum and minimum) 
fluctuated between 26-27°C & 9-10°C, 28-30°C & 10-12°C, 30-34°C & 
12-14°C and 35°C & 15°C, respectively. 
Discussion 
Few workers have made their contribution on the biology of 
podfly, Melanagromyza obtuse Malloch, but the findings with respect to 
resistant and susceptible cultivars is lacking. An attempt was, therefore, 
made to study various life parameters of podfly on resistant (SL12-1) 
and susceptible (Bahar and NA1) cultivars for three successive 
generations. A significant response of resistant and susceptible cultivars 
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was observed on the overall development of podfly. The incubation 
period ranged between 2.14 to 4.62 on Bahar, 2.2 to 3.8 on NA1 and 3.3 
to 4.8 on SL12-1. The larval period also varied significantly among the 
cultivars in all the three generations. It was maximum (10.3 to 19.1 
days) on SL12-1 as compared to NA1 (6.7 to 15.6days) and Bahar (7.4 
to 17.0 days). There was a great impact of temperature gradient on 
various biological parameters. The incubation period ranged between 
3.8 to 4.8 days at 3-23°C, 2.8 to 3.1 at 6-24°C and 2.1 to 3.3 days at 9-
27°C. Similarly, larval period ranged between 15-19 days at 19-20°C, 
10-17 days at 26-27°C and 6-11 days at 28-30°C. The impact of 
temperature on various biological parameters was in conformity with the 
findings of Pruthi (1937), Ahmad (1938), David (1964), Bindra and 
Singh (1972), Ipe (1974), Nair (1975), Singh et al. (1982) and Singh and 
Rai (1984). The females exhibited a significant variation in fecundity with 
respect to cultivars as earlier reported by Yadava and Lai (2001), 
however, females reared on different cultivars did not show a significant 
variation in egg laying, when allowed to oviposit on a common host. This 
could, therefore, be concluded that the resistance in pigeonpea against 
podfly is only due to oviposition non preference. 
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Parasitization of podfly 
Three parasitoids viz., Ormyrus orientalis Walker (Plate 3 E), 
Euderus agromyzae Gangrade (Plate 4 C & D) and Eurytoma ranjithi 
Narendran (Plate 4 A & B) were found parasitzing podfly on all the three 
cultivars. There was a differential response of varieties vis-a-vis 
parasitoid species on parasitization at weekly intervals (table?). When a 
comparison of parasitization was made between varieties with respect 
to the time intervals, it was revealed that in 2000-01, the extent of 
parasitization in the month of January could reach to 9.8% on Bahar, 
2.6% on NA1 and 0.7% on SL12-1.The corresponding figures in 
2001-02 were 7.3, 4.8, and 1.3%. A significant increase in parasitization 
was observed in the month of February, reflecting 16.0, 17.1 and 6.9 in 
2000-01 and 16.1, 17.5 and 7.8 in 2001-02 on Bahar, NA1 and SL12-1, 
respectively. However, in March a substantial increase in parasitization 
was observed in both the years. The parasitization reached to a level of 
35.4% on Bahar, 46.4% (NA1) and 16.5% (SL12-1) in 2000-01. 
Similarly, in the following year, the respective values were 39.8, 45.7, 
and 16.5%. The parasitization reached to its maximum in April, 
interestingly in both the years. It was recorded as 57.6% on Bahar, 
60.7% on NA1 and 18.8% on SL12-1 in 2000-01, whereas, the 
corresponding values were 68.4, 64.5 and 23.5% in 2001-02. The 
average parasitization on, Bahar, NA1 and SL12-1 was 22.5, 24.1 and 
8.4% in 2000-01 and 24.3, 25.1 and 9.4% during 2001-02, respectively. 
Ormyrus orientalis 
Ormyrus orientalis started attacking the pupae of M. obtusa from 
2 SW on Bahar, in both the years, whereas, on SL12-1 from 4 SW in 
2000-01 and 3 SW in 2001-02 (table 8). In January, the parasitization 
was encountered as 5.9, 1.3 and 0.5% (2000-01) and 3.4, 2.0 and 0.6% 
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(2001-02) on Bahar, NA1 and SL12-1, respectively. Subsequently, in 
March 2000-01 the parasitization increased further due to marginal 
increase in temperature and was recorded as 20.7,25.9 and 9.2% on 
Bahar, NA1 and SL12-1, respectively. Similar was the trend with 
respect to 2001-02, the respective values were 22.1, 22.6 and 10.5%. 
The highest degree of parasitization was witnessed during April, 
exhibiting 29.3% on Bahar, 38.8% on NA1 and 9.4% on SL12-1 (2000-
01) and 38.2, 36.3 and 14.2% in 2001-02, respectively. When the data 
were subjected to average parasitization, it was inferred that values 
depicted almost parity in both the years. In 2000-01, it could be 
recorded as 12.3, 13.9 and 4.4% on Bahar, NA1 and SL12-1, 
respectively and in 2001-02, the corresponding figures were 13.4, 13.2 
and 5.6%. 
Euderus agromyzae 
There was relatively less parasitization by this species as 
compared to Ormyrus orientalis, however, the trend remained the 
same. In 2000-01, it started parasitizing podfly larvae (Plate 3 C&D) 
from 2 and 3 SWs on Bahar and NA1, respectively, and from 6 SW on 
SL12-1.Conversely, in 2001-02, the parasitization was observed on 2, 3 
and 4 SWs on Bahar. NA1 and SL12-1, respectively (table 9). 
In January 2000-01, the parasitization to an extent of 2.5 and 
1.0% was encountered on Bahar and NA1, respectively, but SL12-1 did 
not record any parasitization. In the following year, it could be attributed 
to 3.4% on Bahar, 1.5% on NAIand 0.25% on SL12-1. The 
parasitization elevated slightly in February exhibiting 4.8 and 4.7% in 
2000-01 and 5.3 and 4.7% in 2001-02 on NA1 and Bahar, respectively, 
whereas, on SL12-1 it could show only 1.2 and 1.3%. The parasitization 
intensified in March showing respective figures as 10.1, 11.7, 2.4% 
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(2000-01) and 11.5, 14.3, 2.0% (2001-02) on Bahar, NA1 and SL12-1. 
Similarly in April, the parasitization further elevated and ranged 
between 3.7 to 19.3% in first year and 3.8 and 17.5% in second year. 
The mean parasitization was 6.6% on Bahar, 6.8% on NA1 and 1.3% 
on SL12-1 in 2000-01 and the corresponding values for the year 2001-
02 were 6.8, 7.4 and 1.3%. 
Eurytoma ranjithi 
A marked difference in parasitization by this species was 
observed on different cultivars, it was more on Bahar and NA1 as 
compared to SL12-1. The parasitoid started parasitizing M.obtusa in 
January, in both the years. The level of parasitization was, however, 
very low. As evidenced from the data (table 10), it could be recorded as 
1.3, 1.4, 0.25% (2000-01) and 1.5, 0.4,0.5% (2001-02) on Bahar, NA1 
and SL12-1, respectively. It gradually increased with respect to 
temperature and crop maturity and ranged between 2.0 to 4.8% in 
February, 4.2 to 11.7% in March and 3.6 to 19.3% in April. The average 
parasitization in two successive cropping seasons was 3.5, 6.8, 2.6 % 
and 4.1, 3.4 and 2.4 % on Bahar, NA-1 and SL12-1, respectively. 
Influence of cultivars on parasitization 
There was a significant effect of varieties on parasitization of 
podfly (table 11). The maximum parasitization in 2000-01 was on NA1 
(24.0%) followed by Bahar (22.5%) and SL12-1 (8.4%). Similarly, in the 
following year, the maximum parasitization was on NA1 (25.0%), at par 
with Bahar (24.3%) but significantly superior to SL12-1 (9.3%). The 
varieties also showed a significant difference in parasitization caused 
by Ormyrus orientalis exhibiting maximum on NA1 (13.8%) followed by 
Bahar (12.3%) in 2000-01, significantly superior to SL12-I (4.4%). 
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Similar were the observations in 2001-02, wherein, parasitization on 
Bahar (13.4%) and NA1 (13.1%) were at par with each other and 
statistically superior to SL12-1 (5.6 %). Likewise, a significant difference 
was observed in the parasitization on different cultivars, caused by 
Euderus agromyzae in both the years. The parasitization was high, 
6.7% on NA1 followed by 6.6% on Bahar and 1.2% on SL12-1 
(2000-01) as compared to 7.4% on Bahar, 6.7% on NA1 and 1.2% on 
SL12-1 (2001-02). The cultivars, however, did not show a significant 
effect on parasitization by E. ranjithi exhibiting 3.4% on both Bahar and 
NA1 against 2.5% on SL12-1 (2000-01). Similarly, in 2001-02, the 
corresponding values were 4.4, 4.1 and 2.3% on NA1, Bahar and 
SL12-1. 
Discussion 
Three parasitoids; Euderus agromyzae, Ormyrus orientalis and 
Eurytoma ranjithi were recorded from pigeonpea podfly in late 
pigeonpea. These parasitoids except Eurytoma ranjithi Narendran, 
were also reported by Gangrade (1960), Feliowes and Amarasena 
(1977), Singh (1982), Peter (1982), Sithanantham et al. (1987) and 
Kumar and Nath (2002). These workers could however, describe 
Eurytoma at generic level only. In the present investigation E. ranjithi 
Narendran has been recorded for the first time on any host 
(Dar et al., 2004). The parasitization was found increasing with the 
maturity of the crop and reached its peak at the end of the crop. These 
findings were strengthened by the work of Ahmad (1940), Bindra and 
Singh (1972), Singh (1982) and Sebestian (1993). 
Ormyrus orientalis was recorded a key parasite of podfly. Singh 
(1982) also reported it as an important parasite. This species exhibited 
the parasitization between 12-14% followed by Euderus agromyzae (6-
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7%) and Eurytoma sp. (2-5%). Sebestian (1993) also recorded the 
parasitization to a level of 7.3 and 3.3% by Euderus lividus and 
Eurytoma sp, respectively. The appearance of parasitoids was 
synchronized with the availability of immature stages of M. obtusa. 
Similar observations were made by Singh (1992). The parasitization 
was to the tune of 22-25% in susceptible varieties and 8-9% in resistant 
variety. It is in conformity with earlier findings (Lai and Yadava, 2001) 
that recorded 26.8, 24.1 and 14.9% parasitization on Bahar, NA1 and 
SL-12, respectively. 
The cultivars exhibited a significant variation on parasitization 
caused by Euderus agromyzae. Since this is larval ecto parasite, it 
might have become difficult for female parasitoids to insert eggs into 
these pods because of the constriction between the locules and 
toughness. The results of our study clearly indicated greater incidence 
of parasitism of M. obtusa occurred on susceptible genotypes than 
resistant cultivars. Thus host plant resistance influenced the incidence 
of larval/pupal parasitism on M. obtusa. The present findings have also 
paved the way to find out the reason, whether such influence is due to a 
direct effect of cultivar on the preference of parasitoids or an indirect 
effect of resistance on the population density and quality of M. obtusa 
immature stages. 
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Table 7. Cumulative parasitization of podfly taken weekly in two susceptible and 
one resistant variety of pigeonpea. 
Standard 
week 
51 
52 
Mean 
1 
2 
3 
4 
Mean 
5 
6 
7 
8 
Mean 
9 
10 
11 
12 
Mean 
13 
14 
Mean 
Grand Mean 
2000-2001 
Bahar 
0 
0 
0 
0 
12.4 
16.8 
10.2 
9.8 
16.2 
12.6 
16.8 
18.4 
16.0 
22.6 
30.6 
41.6 
46.8 
35.4 
54.9 
60.3 
57.6 
22.5 
NAl 
0 
0 
0 
0 
0 
3.8 
6.8 
2.6 
10.3 
12.4 
21.2 
24.6 
17.1 
36.2 
41.8 
49.4 
58.4 
46.4 
60.2 
61.3 
60.7 
24.1 
SL12-1 
0 
0 
0 
0 
0 
0 
2.8 
0.7 
4.6 
6.3 
6.8 
10.2 
6.9 
12.4 
18.2 
16.5 
18.8 
16.5 
21.2 
16.4 
18.8 
8.4 
2001-2002 
Bahar 
0 
0 
0 
0 
5.8 
10.6 
12.9 
7,3 
12.6 
14.8 
16.3 
20.8 
16.1 
26.9 
32.6 
46.3 
53.6 
39.8 
66.4 
70.4 
68.4 
24.3 
NAl 
0 
0 
0 
0 
0 
6.8 
12.4 
4.8 
10.9 
14.2 
18.8 
26.3 
17.5 
32.3 
42.8 
51.6 
56.4 
45.7 
61.8 
67.3 
64.5 
25.1 
SL12-1 1 
0 
0 
0 
0 
0 
1.0 
4.3 
1.3 
6.2 
8.4 
7.6 
9.3 
7.8 
12.8 
14.6 
17.2 
21.4 
16.5 
24.2 
22.8 
23.5 
9.4 
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Table 8. Parasitization of podfly by Ormyrus orientalis taken weekly in two 
susceptible and one resistant variety of pigeonpea. 
Standard 
week 
51 
52 
Mean 
1 
2 
3 
4 
Mean 
5 
6 
7 
8 
Mean 
9 
10 
11 
12 
Mean 
13 
14 
Mean 
Grand Mean 
2000-2001 
Bahar 
0 
0 
0 
0 
7.2 
10.6 
6.1 
5.9 
8.6 
6.0 
10.1 
8.1 
8.25 
16.2 
14.8 
21.8 
30.2 
20.7 
25.8 
32.8 
29.3 
12.3 
NAl 
0 
0 
0 
0 
0 
2.0 
3.2 
1.3 
5.8 
6.4 
13.6 
12.6 
9.6 
21.1 
28.2 
23.1 
31.2 
25.9 
40.8 
35.8 
38.8 
13.9 
SL12-1 
0 
0 
0 
0 
0 
0 
1.8 
0.5 
2.1 
3.2 
4.2 
4.8 
3.6 
6.2 
10.1 
8.4 
12.2 
9.2 
10.6 
8.2 
9.4 
4.4 
2001-2002 
Bahar 
0 
0 
0 
0 
2.3 
5.2 
6.4 
3.4 
5.8 
9.3 
10.6 
10.3 
9.0 
16.1 
18.3 
26.1 
28.1 
22.1 
JJ .6 
42.8 
38.2 
13.4 
NAl 
0 
0 
0 
0 
0 
3.1 
5.2 
2.0 
6.3 
8.6 
10.6 
14.2 
9.9 
18.8 
16.3 
26.1 
29.5 
22.6 
32.6 
40.1 
36.3 
13.2 
SL12-1 
0 
0 
0 
0 
0 
1.0 
1.3 
0.6 
3.1 
5.1 
3.2 
6.1 
4.4 
6.5 
10.2 
10.8 
14.6 
10.5 
13.6 
14.8 
14.2 
5.6 
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Table 9. Parasitization of podfly by Euderus agrontyzae taken weekly in two 
susceptible and one resistant variety of pigeonpea. 
Standard 
week 
51 
52 
Mean 
1 
2 
' > J 
4 
Mean 
5 
6 
7 
8 
Mean 
9 
10 
11 
12 
Mean 
13 
14 
Mean 
Grand Mean 
2000-2001 
Bahar 
0 
0 
0 
0 
3.0 
4.2 
3.1 
2.5 
5.6 
J . J 
4.3 
5.8 
4.7 
5.1 
10.4 
12.6 
12.4 
10.1 
14.8 
21.6 
18.2 
6.6 
NAl 
0 
0 
0 
0 
0 
1.8 
2.2 
1.0 
3.4 
4.1 
6.1 
5.8 
4.8 
8.4 
7.6 
14.9 
16.2 
11.7 
17.4 
21.2 
19.3 
6.8 
SL12-1 
0 
0 
0 
0 
0 
0 
0 
0 
0.0 
1.0 
1.5 
2.2 
1.20 
1.2 
2.4 
2.8 
3.1 
2.4 
4.4 
3.1 
3.7 
1.3 
2001-2002 
Bahar 
0 
0 
0 
0 
1.8 
3.4 
4.1 
3.4 
4.0 
3.9 
4.1 
6.8 
4.7 
8.4 
10.6 
14.2 
12.9 
11.5 
16.8 
18.3 
17.5 
6.8 
NAl 
0 
0 -
0 
0 
0 
2.2 
3.8 
1.5 
2.4 
4.1 
6.1 
8.6 
5.5 
10.2 
12.4 
18.3 
16.3 
14.3 
18.9 
16.2 
17.5 
7.4 
SL12-1 
0 
0 
0 
0 
0 
0 
1.0 
0.25 
1.0 
0.0 
2.1 
2.1 
1.3 
2.7 
1.1 
2.2 
2.2 
2.0 
5.7 
1.9 
3.8 
1.3 
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Table 10. Parasitization of podfly by Eurytoma ranjithi taken weekly in two 
susceptible and one resistant variety of pigeonpea. 
Standard 
week 
51 
52 
Mean 
1 
2 
3 
4 
Mean 
5 
6 
7 
8 
Mean 
9 
10 
11 
12 
Mean 
13 
14 
Mean 
Grand Mean 
2000-2001 
Bahar 
0 
0 
0 
0 
2.2 
2.0 
1.3 
1.3 
2.0 
J . J 
2.3 
4.5 
3.0 
1.3 
5.4 
7.4 
4.2 
4.6 
14.3 
5.9 
10.1 
3.5 
NAl 
0 
0 
0 
0 
0 
1.8 
2.2 
1.0 
3.4 
4.1 
6.1 
5.8 
4.8 
8.4 
7.6 
14.9 
16.2 
11.7 
17.4 
21.2 
19.3 
6.8 
SL12-1 
0 
0 
0 
0 
0 
0 
1.0 
0.25 
3.5 
2.1 
1.1 
3.2 
2.5 
5.0 
5.7 
5.1 
J . J 
4.8 
6.2 
5.1 
5.6 
2.6 
2001-2002 
Bahar 
0 
0 
0 
0 
1.7 
2.0 
2.5 
1.5 
2.8 
2.6 
1.6 
3.7 
2.7 
2.4 
3.7 
6.0 
12.6 
6.2 
16.0 
9.1 
12.5 
4.1 
NAl 
0 
0 
0 
0 
0 
0 
1.0 
0.4 
1.1 
1.9 
1.5 
6.2 
2.7 
6.7 
6.0 
11.4 
11.0 
8.8 
2.0 
5.3 
3.6 
3.4 
SL12-1 
0 
0 
0 
0 
0 
0 
2.0 
0.5 
2.1 
3.3 
2.3 
1.1 
2.2 
3.6 
3.3 
5.2 
4.8 
4.2 
4.9 
6.1 
5.5 
2.4 
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Pigeonpea podding vis-a-vis oviposition 
Narendra Arhar 1 
This cultivar, sown on July 15, 2000-01, commenced podding on 52 SW as 
first flush (table 12a, fig. 3). Thereafter, a substantial but intermittent 
increase in podding was observed till 11 SW. However, maximum podding 
(32.2%) took place on 10 SW followed by 27.8% on 11 SW. The critical 
pods, conducive for egg laying, were found maximum (31.6%) on 11 
standard week followed by 20.2 on 10 SW, 12.8 on 8 SW, 11 on 9 SW and 
10.8% on 12 SW. No sooner the appearance of critical pods took place, the 
flies than started egg laying. The oviposition, with varying magnitude, 
continued till the presence of conducive pods showing a maximum 29.5% 
on 11 SW. Nonetheless, the other standard weeks (1-4) also shared a good 
amount of oviposition (16-25%). This fluctuation in oviposition was 
attributed to a direct relationship between temperature and oviposition. 
Similarly, in 2002-03, two distinct flushes of the pod formation were 
observed (table 13a, fig. 4). The first flush could, contribute 15% of 
podding, whereas, the other with a maximum (35.4%) on 10 SW followed 
by 24.3 and 19.7% on 11 and 9 SWs, respectively. Likewise, critical pods 
were maximum on 9 (12.7%), 10 (22.15%), 11 (29.9%) and 12 (10.15%) 
SWs. Two peaks in oviposition were also witnessed, one prior to cold spell 
and the other at the post. During first spell, the extent of egg laying ranged 
between 12-25 % (52 to 4 SWs). Thereafter, it gradually declined till 8 
standard week. Once again, it increased in the second spell and reached to 
a high of 29.4% on 11 standard week followed by 26.5% on 10 standard 
week. The availability of critical pods in second flush of podding coincided 
with the maximum oviposition. 
When seeding of NA1 was done on 15 August (2001-02), delayed 
pod formation was observed (table 14a fig. 5). About 18% of the total pod 
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formation took place between 1-4 SWs. After four weeks, podding again 
started on 9 SW and continued till 12 SW. During this period, 75% of the 
total pods were formed. The number of critical pods was maximum (27.6%) 
on 12 SW followed by 23.0 and 16.4%, on 11 and 10 SWs, respectively. 
The critical pods during 1 to 5 SWs ranged between 0.6-6.5%. The trend of 
oviposition behaviour was almost akin to that of July 15 sown crop. The 
oviposition commenced at pod appearance (1 SW) and continued till 4 SW. 
During this period, the oviposition ranged between 21.6 to 36.5%. It 
decreased in the next four weeks and then again elevated (18.3-25.9%) 
f rom10SWto12SW. 
Similar were the obsepyations with respect to 2002-03 (table 15a, fig. 
6). The maximum pod formation (41.2%) took place on 9 SW followed by 
19.7% on 10 SW. Similarly, critical pods in a range of 9-24% were 
observed between 9 to 12 SWs. Maximum egg laying (30.3%) was 
recorded on 2 SW followed by 29.5%, 28.9 %, 24.8 % and 19.4% on 3, 11, 
10, 9 and 1 SW, respectively. 
The statistical analysis of the data revealed a significant positive 
correlation (0.518 and 0.612) of oviposition with the critical pods sown on 
15 July in both years. The crop sown on 15 August, however, showed a 
strong positive correlation of oviposition with pods / week (0.639) and 
critical pods (0.628) in first year. Similarly, in the following year, it showed a 
strong positive correlation with pods / week (0.744) and critical pods (0.702) 
(table 12b, 13b, 14b, 15b). 
Bahar 
The formation of pods on this variety took place on 51 SW, sown on 
July 15, 2001-02 (table 16a, fig. 7). In the first four weeks (51 to 2 SWs), 
about 50% of the total pods were formed. The maximum podding of 20.9% 
on 2 SW followed by 20.1% on 1 SW was recorded. Subsequently, there 
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was a decline in the pod formation from 3 to 6 SWs. A second flush of pod 
formation took place after 6 SW. Nearly 40 % of the pods were formed in 
three consecutive weeks (9 to 11 SW). The maximum critical pods, 21.6% 
were found on 3 SW followed by 16.6 % on 2 SW. During 7 to 10 SWs, it 
was little inferior and ranged between 4.2 to 10.8%. Peak contribution of 
egg laying (32.0%) was on 2 SW, coinciding with the peak critical pod 
stage. Thereafter, it decreased on 3 SW and again increased reaching to a 
high of 28.4% on 9 SW followed by 24.6 on 8 SW. The second flush of the 
pod formation coincided with the second peak of egg laying (fig. 7). 
In 2002-03, the podding commenced on 51 SW, exhibiting 5.4 % of 
the total pods (table 17a). Thereafter, 4.6, 8.9 and 27.9 % pods were set on 
52, 1 and 2 SWs, respectively. The plants did not bear pods till 7 SW owing 
to little rise in temperature. The plants again started bearing the pods to the 
tune of 50% between 7 and 9 SWs. As far as critical pods were concerned, 
it was as high as 19.9% on 3 SW followed by 16.3 % on 2 SW. During the 
second flush, it ranged between 4.6 to 11.7% from 5 to 10 SWs. Egg laying 
in a range of 8-28.4% was noted between 51 to 3 SWs. Thereafter, a short 
pause of two weeks took place. The critical pods were again increased with 
a variation of 16.2, 22.9, 25.6, 11.1 and 5.2% on 7, 8, 9, 10 and 11 SWs, 
respectively (fig. 8). 
Bahar sown on 15 August showed a delayed podding by one week 
as compared to that sown on 15 July (table 18a). The first five weeks (51 to 
3 SW) exhibited 17.9% podding followed by a break (4 to 7 SW), showing 
no pod formation. Maximum podding (32%) was, however, observed on 10 
SW followed by 27.3 and 18.4 % on 9 and 8 SWs, respectively. Critical 
pods were maximum (30.2 %) on 11 SW followed by 18.8, 14.1 and 12.5% 
on 10, 12 and 9 SWs, respectively. On the other hand, only 16.2% critical 
pods were formed during 52 to 4 SWs. Egg laying showed two peaks, one 
prior and one after cold spell. In the first spell, it ranged 12 to 24.6% during 
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52 to 5 SWs. In the second, it was maximum (27%) on 11 SW followed by 
26.4 and 24.6% on 10 and 9 SWs, respectively (fig. 9). 
In 2002-03, due to unusual and different climatic conditions, podding 
behaviour of pigeonpea got affected considerably (table 19a). It 
commenced on 52 SW exhibiting 9.6% of the total pods followed by 7.3% in 
next week. It was also interesting to note that negligible number of pods 
were set from 2 to 7 SW. Thereafter, it increased and reached to a level of 
16.2, 30.1 and 33.1% on 8, 9 and 10 SWs, respectively. Similarly, critical 
pods were maximum on 10 SW (27%) followed by 19.7 and 13.5% on 9 
and 11 SWs, respectively. In the first flush of podding (52 to 5 SW), the 
critical pods ranged between 1.4 and 4.9%. The egg laying was maximum 
(36%) on 1 SW and ranged between 16-23% during 52 to 4 SWs. 
Thereafter, it got ceased till 7 SW and then again commenced and 
subsequently reached to a high of 11.6, 21.6, 33.4, 21.8, 14.6 and 10.2% 
on 8, 9, 10, 11, 12, and 13 SWs, respectively (fig. 10). 
When the data were statistically analyzed, it revealed significant 
positive correlation of egg laying with pods/ week (0.574) and critical pods 
(0.584) in 2001-02. Similar were the observations in the following year, 
wherein a significant positive correlation was obtained between oviposition 
and pods / week (0.515) and also critical pods (0.631). The crop raised on 
August 15 recorded a strong and positive correlation of egg laying with 
pods/week (0.859) and critical pods (0.596) in the first cropping season. 
Such trend was also noticed in 2002-03, showing a strong positive 
correlation of egg laying with pods/week (0.687) and critical pods (0.819) 
(table 16b, 17b, 18b, 19b). 
Population build up of podfly vis-a-vis parasitoids 
The population build up of podfly vis-a-vis parasitoids was studied for 
two successive cropping seasons, 2000-01 and 2001-02 (fig.11&12). The 
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podfly commenced its attack on the crop on 51 SW, interestingly, in both 
the years (table 20a & 21a). Egg laying was directly proportional to number 
of conducive pods. Initially, M. obtusa oviposited maximally on 2 SW, 
thereafter declined gradually till 6 SW. It further increased and reached to a 
highest level of 28.6 & 28.9% on 9 SW in 2000-01 and 2001-02, 
respectively. With the advancement in the crop growth, a reduction in 
oviposition was witnessed with no egg laying on 12 SW coinciding with crop 
maturity. A marked fluctuation in the extent of parasitization was also 
witnessed till the maturity of the crop. Such observations were almost akin 
in both the years (fig 11&12). The highest range of field parasitization was 
observed between 9-12 SWs. The extent of parasitization ranged between 
31.9 to 54.9% in 2000-01 and 31.4 to 70% in 2001-02. It was also revealed 
that on 12 standard week, the parasitization was maximum which ultimately 
coincided with crop maturity. 
CORRELATION AND REGRESSION ANALYSIS 
In order to gauge the effect of different abiotic (Maximum and 
minimum temperature, relative humidity, rainfall, evaporation and wind 
speed) and biotic factors (parasltoids viz., Euderus agromyzae, Ormyrus 
orientalis and Eurytoma ranjithi) on the population build up of podfly and 
effect of abiotic factors on parasitoids, the data of two cropping seasons, 
2000-01 and 2001-02 were subjected to correlation-regression analysis 
(table 20b & 21b). 
Linear Correlation- Regression analysis 
YEAR 2000-01 
The correlation analysis of the data revealed a strong " negative" and 
significant correlation of podfly oviposition with maximum temperature 
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(-0.560), minimum temperature (-0.424), parasitoids (-0.456), evaporation 
(-0.606) and rainfall (-0.330). On the other hand, it showed a strong 
"positive" correlation with relative humidity (0.552). The maggot population 
also exhibited the same trend. It revealed a negative and strong correlation 
with maximum temperature (-0.850), minimum temperature (-0.619), 
parasitoids (-0.466), rainfall (-0.189) and evaporation (-0.738) but a 
significant positive correlation with relative humidity (0.827). 
As far as the parasitoids were concerned, they reflected a strong and 
significant positive correlation with maximum temperature (0.804), minimum 
temperature (0.864), evaporation (0.748) and significant negative 
correlation with relative humidity (-0.658) and rainfall (-0.436) (table 20b). 
The regression equations of various parameters (Y) with respect to: 
a) Oviposition (X1) 
Parasitoids (Y) 
XI = 21.276-0.266 (Y) R= 0.456 
Rainfall (Y) 
X1= 16.892-2.518 (Y) R= 0.330 
Maximum temperature (Y) 
X1= 48.957-1.322 (Y) R= 0.560 
Minimum temperature (Y) 
XI = 24.406-0.960 (Y) R= 0.424 
Relative humidity (Y) 
X1= -22.100+0.621 (Y) R= 0.552 
Wind speed (Y) 
X1= 18.314-0.452 (Y) R= O.129 
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Evaporation (Y) 
X1= 29.609-5.003 (Y) R= 0.606 
b) Maggot population (X2) 
Parasitoids (Y) 
X2= 0.903-0.0147 (Y) R= 0.466 
Rainfall (Y) 
X2= 0.637-0.0760 (Y) R= 0.189 
Maximum temperature (Y) 
X2= 3.328-0.109 (Y) R= 0.850 
Minimum temperature (Y) 
X2= 1.277-0.0760 (Y) R= 0.619 
Relative humidity (Y) 
X2= -2.488+0.05049 (Y) R= 0.827 
Wind speed (Y) 
X2= 0.794-0.0358 (Y) R= 0.738 
Evaporation (Y) 
X2= 29.609-5.003 (Y) R= 0.606 
c) Parasitization (X3) 
Egg (Y) 
X3= 32.036-0.7.51 (Y) R = O.355 
54 
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Maggot (Y) 
X3= 34.258-14.951 
( " , - - • 'li 
----- ' R= 0.374 
55 
Rainfall (Y) 
X3= 17.892+5.694 (Y) R= 0.436 
Maximum temperature (Y) 
X3= -61.205+3.253 (Y) R= 0.804 
Minimum temperature (Y) 
X3= -9.470+3.350 (Y) R= 0.864 
Relative humidity (Y) 
X3= 97.776-1.268 (Y) R= 0.658 
Wind speed (Y) 
X3= 23.972-0.760 (Y) R= 0.127 
Evaporation (Y) 
X3= -8.865+10.582 (Y) R= 0.748 
YEAR 2001-02 
The data presented in table 21b revealed a negative correlation of 
podfly oviposition with maximum temperature (-0.372), minimum 
temperature (-0.281), relative humidity (-0.025), parasitoids (-0.355), wind 
speed (-0.106), evaporation (-0.246) and rainfall (-0.300). The maggot 
population did also show the same trend with maximum temperature 
(-0.509), minimum temperature (-0.502), parasitoid (-0.374), relative 
humidity (-0.046), wind speed (-0.265), evaporation (-0.445) and rainfall 
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(-0.414). Conversely, the parasitoids showed a highly significant and strong 
positive correlation with maximum temperature (0.873), minimum 
temperature (0.913) and evaporation (0.918), yet a negative correlation 
with relative humidity (-0.118), wind speed (-0.517) and rainfall (-0.149) 
(table21b). 
The regression equations of various parameters (Y) with respect to 
a) Oviposition (X1) 
Parasitoids (Y) 
X1= 19.019-0.168 (Y) R= 0.355 
Rainfall (Y) 
X1= 16.641-0.294 (Y) R= 0.300 
Maximum temperature (Y) 
X1= 35.465-0.826 (Y) R= 0.372 
Minimum temperature (Y) 
XI = 20.241-0.765 (Y) R= 0.281 
Relative humidity (Y) 
XI = 19.990-0.0592 (Y) R= 0.025 
Wind speed (Y) 
X1= 10.945+1.509 (Y) R= 0.106 
Evaporation (Y) 
X1= 18.340-2.078 (Y) R= 0.246 
b) Maggot population (X2) 
Parasitoids (Y) 
X2= 1.122-0.00935 (Y) R= Q 374 
Rainfall (Y) 
X2= 0.856+0.02141 (Y) R= 0 4 1 4 
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Maximum temperature (Y) 
X2= 2.371-0.0598 (Y) R= 0.509 
Minimum temperature (Y) 
X2= 1.370-0.0723 (Y) R= 0.502 
Relative humidity (Y) 
X2= 0.505+0.005762 (Y) R= 0.046 
Wind speed (Y) 
X2= 0.317+0.199 (Y) R= 0.265 
Evaporation (Y) 
X2= 1.194-0.198 (Y) R= 0.0.445 
c) Parasitization (X3) 
Egg (Y) 
X3= 32.467-0.781 (Y) R= 0.456 
Maggot (Y) 
X3= 28.950-14.713 R= 0.466 
Rainfall (Y) 
X3= 21.414-0.308 (Y) R= 0.149 
Maximum temperature (Y) 
X3= -78.266+4.100 (Y) R= 0.873 
Minimum temperature (Y) 
X3= -11.559+5.257 (Y) R= 0.913 
Relative humidity (Y) 
X3= 64.326-0.594 (Y) R= 0.118 
Wind speed (Y) 
X3= 68.281-15.543 (Y) R= 0.517 
Evaporation (Y) 
X3= -1.289+16.389 (Y) R= 0.918 
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Multiple Correlation- Regression analysis 
Year 2000-01 
Egg population 
X= 185.175-0.450 (P) -2.299 (RF) -3.559 (MxT) +5.018 (MnT) -1.239 
(RH)-1.448 (WS)-11.405 (Ev) R= 0.798 
Maggot population 
X= 3.708+0.01509 (P) +0.02349 (RF)-0.169 (MxT)+0.011032 (MnT) 
+0.01228 (RH)-0.0461 (WS)+ 0.07157 (Ev) R= 0.964 
Parasitization 
X= 56.197-0.634(EP)+27.862(MPP)-
2.129(RF)+1.672(MxT)+4.326(MnT)-1.513(RH)-0.209(WS)-
10.312(Ev) R= 0.978 
Year 2001-02 
Egg population 
X= -0.0792+1.34 (P)-0.00196 (RF)-0.00693 (MxT) -0.0102 (MnT)-
0.0304 (RH)+0.01137 (WS)+0.08080 (Ev) R= 0.856 
Maggot population 
X= 60.177+11.615 (P)-0.461 (RF) -0.399 (MxT)-0.605 (MnT) 
+2.512 (RH)-0.427 (WS)-4.431 (Ev) R= 0.723 
Parasitization 
X= 57.013-0.248(EP)+6.435(MPP)+0.147(RF)+0.392(MxT)+2 719(MnT)-
0.770(RH)-5.748(WS)+7.234(Ev) R= 0.982 
These regression equations can be incorporated in the algorithms of 
a forecasting model to predict in the incidence of podfly and its parasitoids 
in agro-advisory services. 
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Discussion 
From the findings, it was inferred that the late pigeonpea variety 
(Bahar), sown on 15 July, showed two peaks of pod setting. The first peak 
was witnessed between 1 and 2 SW whereas the second, between 7 to 9 
SWs. The first flush of timely sown (15 July) crop could bear maximum 
pods whereas, it was the second in late sown (15 August). On the other 
hand, the cultivar NA1 sown on July 15 as well as August 15 exhibited as a 
main flush of podding between 8-10 SWs. These findings are in 
consonance with the work of Reddy et al. (1980) who opined that the 
pigeonpea had staggered podding behaviour. Srivastava et al. (1991) took 
preliminary observations on pattern of podfly oviposition and stated that 
podfly activity was reduced during the cold spell (December end to 
January). They further suggested that the belief that cultivar Bahar avoided 
podfly attack by completing most of its podding during the cold spell (Lai & 
Sachan, 1987) did not seem to be fully correct. Our findings confirmed that 
most of the podding took place before cold spell, and the first oviposition 
peak coincided with the pod formation. It was also observed that oviposition 
exhibited a strong positive correlation with the availability of critical pods of 
the pigeonpea. The findings are in agreement with the work of Das and 
Katiyar (1998), Singh and Singh (1978) and Das and Odak (1992). They 
advocated that average temperature above 20°C and corresponding 
minimum and maximum temperature above 3°C and 10°C, respectively, 
coinciding with proper podding stage of the crop, were found to be 
congenial for egg laying by the female fly. 
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Table 12a. Podding Behaviour of pigeonpea variety Narendra Arhar 1 sown on 15 
July (2001-2002) 
th 
Standard 
weeks 
51 
52 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
Total pods 
0 
2 
36 
54 
81 
82 
82 
82 
89 
98 
162 
302 
419 
420 
420 
Pods per 
week 
0 
2 
34 
18 
27 
1 
0 
0 
7 
9 
64 
140 
117 
1 
0 
Pods per 
week (%) 
0 
0.4 
8 
4.2 
6.4 
0.2 
0 
0 
1.6 
2.1 
15.2 
33.2 
27.8 
0.2 
0 
Critical 
pods 
0 
1 
24 
36 
57 
56 
41 
12 
8 
14 
121 
221 
346 
119 
38 
Critical 
pods 
(%) 
0 
0.09 
2.2 
3.3 
5.2 
5.1 
3.7 
1.1 
0.7 
12.8 
11 
20.2 
31.6 
10.8 
3.5 
Egg laying 
(%) 
0 
3 
16.8 
22.8 
28.6 
25.1 
11.6 
4.3 
3.8 
14.8 
22.8 
24.8 
29.5 
10.2 
6.2 
Table 13a Podding Behaviour of pigeonpea variety Narendra Arhar 1 sown on 15 
July (2002-2003) 
th 
Standard 
weeks 
51 
52 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
Total pods 
0 
6 
28 
41 
75 
76 
77 
77 
79 
86 
171 
324 
429 
431 
431 
Pods per 
week 
0 
6 
22 
13 
34 J 
1 
1 
0 
2 
7 
85 
153 
105 
2 
0 
Pods per 
week (%) 
0 
1.3 
5.1 
3 
7.8 
0.2 
0,2 
0 
0.4 
1.6 
19.7 
35.4 
24.3 
0.4 
0 
Critical 
pods 
0 
2 
21 
32 
52 
51 
36 
13 
6 
12 
136 
236 
319 
108 
42 
Critical 
pods 
(%) 
0.2 
1.9 
3 
4.8 
4.7 
3.3 
12.1 
0.5 
1.1 
12.7 
22.1 
29.9 
10.1 
3.9 
Egg laying 
(%) 
0 
12.6 
17.7 
19.6 
24.8 
19.3 
11.3 
8.2 
4.2 
14.6 
24.3 
26.5 
29.4 
11.8 
3.9 
Results and Discussion 61 
Table 14a. Podding Behaviour of pigeonpea variety Narendra Arhar 1 sown on IS"* 
August (2001-2002) 
Standard 
weeks 
51 
52 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
Total pods 
0 
0 
8 
27 
53 
78 
79 
81 
81 
83 
102 
312 
364 
418 
419 
419 
Pods/week 
0 
0 
8 
19 
26 
25 
1 
2 
0 
2 
19 
210 
52 
54 
1 
1 
Pods /week 
(%) 
0 
0 
1.9 
4.5 
6.2 
5.9 
0.2 
0.4 
0 
0.4 
4.5 
50.1 
12.4 
12.8 
0.2 
0.2 
Critical 
pods 
0 
0 
6 
22 
44 
64 
21 
10 
8 
4 
12 
160 
225 
270 
95 
39 
Critical 
pods (%) 
0 
0 
0.6 
2.2 
4.5 
6.5 
2.1 
1 
0.3 
0.4 
1.2 
16.4 
23 
27.6 
9.7 
3.9 
Egg laying 
(%) 
0 
0 
21.6 
24.8 
28.2 
36.5 
11.6 
5.6 
3.2 
2.6 
8.5 
18.3 
25.6 
25.9 
10.2 
6.1 
Table 15a. Podding Behaviour of pigeonpea variety Narendra Arhar 1 sown on 15 
August (2002-2003) 
th 
Standard 
weeks 
51 
52 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
Total pods 
0 
0 
33 
61 
86 
88 
89 
90 
90 
122 
291 
372 
408 
408 
409 
409 
Pods/week 
0 
0 
33 
28 
25 
2 
1 
1 
0 
32 
169 
81 
36 
0 
1 
0 
Pods /week 
(%) 
0 
0 
8 
6.8 
6 
0.48 
0.2 
0.2 
0 
7.8 
41.2 
19.7 
8.7 
0 
0.2 
0 
Critical 
pods 
0 
0 
24 
42 
63 
23 
9 
7 
5 
16 
180 
235 
259 
101 
75 
38 
Critical 
pods (%) 
0 
0 
2.2 
3.9 
5.8 
2.1 
0.8 
0.6 
0.4 
1.5 
16.7 
21.8 
24 
9.3 
6.9 
3.5 
Egg laying 
(%) 
0 
0 
19.4 
29.5 
30.3 
11.5 
9.8 
8.6 
3.2 
8.6 
20.5 
24.8 
28.9 
8.3 
6.2 
2.4 
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Table 12b. Correlations of podding behaviour of NAl with 
podfly oviposition (July, 15 2001-02) 
Total pods 
Pod/week 
Pods/week 
% 
Eggs 
Pods/week 
U.J /J 
— 
— 
— 
Pods/week 
% 
0.372 
1 
— 
— 
Critical 
pods 
0.764** 
0.572* 
0.571* 
0.518* 
Critical 
pods % 
0.763** 
0.574* 
0.573* 
0.520* 
Egg 
0.159 
0.340 
0.339 
1 • 
Table 13b. Correlations of podding behaviour of NAl with 
podfly oviposition (July, 15 2002-03) 
Total pods 
Pod/week 
Pods/week 
% 
Eggs 
Pods/week 
0.257 
— 
— 
— 
Pods/week 
% 
-0.182 
1 
— 
— 
Critical 
pods 
0.716** 
0.632** 
-0.035 
0.612* 
Critical 
pods % 
0.715** 
0.633** 
-0.033 
0.612* 
Egg 
0.143 
0.510* 
0.439 
1 
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Table 14b. Correlations of podding behaviour of NAl with 
podfly oviposition (August, 15 2001-02) 
Total pods 
Pods/week 
Pods/week 
% 
Eggs 
Pods/week 
0.444 
— 
— 
— 
Pods/week 
% 
0.445 
1 
— 
— 
Critical 
pods 
0.703** 
0.863** 
0.863** 
0.628* 
Critical 
pods % 
0.668** 
0.824** 
0.824** 
0.626* 
Egg 
0.225 
0.639* 
0.639* 
1 
Table 15b. Correlations of podding behaviour of NAl with 
podfly oviposition (August, 15 2002-03) 
Total pods 
Pods/week 
Pods/week 
% 
Eggs 
Pods/week 
0.446 
— 
— 
--
Pods/week 
% 
0.446 
1 
— 
— 
Critical 
pods 
0.711** 
0.869** 
0.869** 
0.702** 
Critical 
pods % 
0.649* 
0.812** 
0.812** 
0.611-
Egg 
0.221 
0.744** 
0.744** 
1 
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th Table 16a. Podding Behaviour of pigeonpea variety Bahar sown on 15'" July 
(2001-2002) 
Standard 
weeks 
51 
52 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
Total pods 
36 
62 
163 
268 
271 
274 
274 
278 
329 
418 
476 
499 
501 
501 
Pods per 
week 
36 
28 
101 
105 
3 
3 
0 
4 
51 
89 
58 
23 
2 
0 
Pods per 
week (%) 
7.1 
5.5 
20.1 
20.9 
0.5 
0.5 
0 
0.7 
10.1 
17.7 
11.5 
4.5 
0.3 
0 
Critical 
pods 
12 
36 
98 
192 
250 
98 
58 
21 
49 
108 
126 
76 
24 
8 
Critical 
pods 
(%) 
10.3 
3.1 
8.4 
18.6 
21.6 
8.4 
1.8 
4.2 
9.3 
10.8 
6.5 
2.1 
0.7 
Egg laying 
(%) 
10 
18 
21 
32 
14 
11.2 
6.4 
3.1 
18.5 
24.6 
28.4 
12.1 
6.3 
2.1 
Table 17a. Podding Behaviour of pigeonpea variety Bahar sown on 15 
(2002-2003) 
th July 
Standard 
weeks 
51 
52 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
Total pods 
28 
52 
98 
241 
262 
264 
265 
265 
325 
416 
510 
512 
512 
512 
Pods per week 
28 
24 
46 
143 
21 
2 
1 
0 
60 
91 
116 
2 
0 
0 
Pods 
per 
week 
(%) 
5.4 
4.6 
8.9 
27.9 
4.1 
0.3 
0.1 
0 
11.7 
17.7 
22.6 
0.3 
0 
0 
Critical 
pods 
14 
36 
74 
168 
205 
79 
59 
23 
48 
101 
120 
69 
32 
0 
Critical 
pods 
(%) 
13.6 
3.5 
7.2 
16.3 
19.9 
7.6 
5.7 
2.2 
4.6 
9.8 
11.7 
6.7 
3.1 
0 
Egg laying 
(%) 
8 
14.6 
19.3 
21.5 
28.4 
11.6 
4,9 
2.8 
16.2 
22.9 
25.6 
11.1 
5.2 
0.8 
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• th Table 18a. Podding Behaviour of pigeonpea variety Bahar sown on 15 " August 
(2001-2002) 
Standard weeks 
51 
52 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
Total pods 
0 
17 
50 
66 
80 
87 
87 
89 
94 
180 
307 
456 
464 
465 
465 
Pods per 
week 
0 
17 
33 
16 
14 
7 
0 
2 
5 
86 
127 
149 
8 
1 
0 
Pods per 
week (%) 
0 
3.6 
7.9 
3.4 
3 
1.5 
0 
0.4 
1 
18.4 
27.3 
32 
1.7 
0.2 
0 
Critical 
pods 
0 
8 
36 
44 
60 
60 
14 
10 
5 
102 
160 
240 
385 
180 
70 
Critical 
pods (%) 
0.6 
2.8 
3.4 
4.7 
4.7 
1.1 
0.8 
0.4 
8 
12.5 
18.8 
30.2 
14.1 
5.5 
Egg laying 
(%) 
0 
12 
18.5 
23 
24.6 
16.4 
12.8 
3.6 
2.8 
19.4 
24.6 
26.4 
27 
8.2 
2.6 
rth Table 19a. Podding Behaviour of pigeonpea variety Bahar sown on 15 August 
(2002-2003) 
Standard weeks 
51 
52 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
Total pods 
0 
38 
67 
70 
72 
73 
73 
74 
78 
142 
261 
392 
394 
394 
395 
395 
Pods per 
week 
0 
38 
29 
3 
2 
1 
0 
1 
4 
64 
119 
131 
2 
0 
1 
0 
Pods per 
week (%) 
0 
9.6 
7.3 
0.7 
0.5 
0.2 
0 
0.2 
1 
16.2 
30.1 
33.1 
0.5 
0 
0.2 
0 
Critical 
pods 
0 
14 
38 
46 
47 
48 
10 
4 
3 
68 
180 
261 
130 
85 
18 
0 
Critical 
pods (%) 
0 
1.4 
3.9 
4.7 
4.8 
4.9 
1 
0.4 
0.3 
7 
19.7 
27 
13.5 
8.8 
1.8 
0 
Egg laying 
(%) 
0 
21 
36 
23 
21 
16 
8.4 
2.8 
0.9 
11.6 
21.6 
33.4 
21.8 
14.6 
10.2 
0 
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Table 16b. Correlations of podding behaviour of Bahar with 
podfly oviposition (July, 15 2001-02) 
Total pods 
Pods/week 
Pods/week 
% 
Eggs 
Pods/week 
0.337 
~ 
— 
— 
Pods/week 
% 
0.333 
1 
— 
— 
Critical 
pods 
0.808** 
0.390 
0.388 
0.584* 
Critical 
pods % 
0.795** 
0.364 
0.361 
0.550* 
Egg 
0.221 
0.574* 
0.576* 
1 
Table 17b. Correlations of podding behaviour of Bahar with 
podfly oviposition (July, 15 2002-03) 
Total pods 
Pods/week 
Pods/week 
% 
Eggs 
Pods/week 
0.244 
— 
--
— 
Pods/week 
% 
0.244 
1 
— 
— 
Critical 
pods 
0.528* 
0.810** 
0.810** 
0.631** 
Critical 
pods % 
0.525* 
0.817** 
0.817** 
0.625** 
Egg 
0.122 
0.515* 
0.514* 
1 
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Table 18b. Correlations of podding behaviour of Bahar with 
podfly oviposition (August, 15 2001-02) 
Total pods 
Pods/week 
Pods/week 
% 
Eggs 
Pods/week 
-0.151 
— 
— 
Pods/week 
% 
-0.150 
1 
— 
Critical 
pods 
0.017 
0.345 
0.344 
0.596* 
Critical 
pods % 
-0.197 
0.356 
0.355 
0.553* 
Egg 
0.77 
0.S59** 
0.858** 
1 
Tablel9b. Correlations of podding behaviour of Bahar with 
podfly oviposition (August, 15 2002-03) 
Total pods 
Pods/week 
Pods/week 
% 
Eggs 
Pods/week 
0.113 
— 
— 
"~ 
Pods/week 
% 
0.113 
1 
--
--
Critical 
pods 
0.179 
0.521 
0.521 
0.819** 
Critical 
pods % 
-0.112 
0.483 
0.483 
0.686** 
Egg 
0.083 
0.687** 
0.687** 
1 
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Table 20a. Population buildup of podfly and its parasites in late pigeonpea 
(2000- 2001) 
Std 
Week 
51 
52 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
Ov 
% 
14 
21 
28 
35 
13 
10.8 
7.5 
4.8 
19.5 
25.8 
28.6 
11.6 
3.8 
0 
M/pod 
0 
0.7 
1.9 
1.8 
0.89 
0.56 
0.52 
0.46 
0.4 
0.3 
0.38 
0.29 
0.23 
0.08 
% 
Parast. 
0 
0 
0 
13.2 
9.8 
16.6 
14 
13.6 
12.3 
20.4 
31.9 
45.9 
47.5 
54.9 
RF 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
5.2 
0 
MxT 
24.6 
24.2 
16 
18.7 
22.1 
22.8 
23.4 
24.2 
25.9 
28.1 
26.5 
29.7 
31.2 
32.1 
MnT 
5.6 
4 
5.4 
2.9 
3.1 
7.4 
7.8 
7 
9.9 
13.3 
11.7 
11.7 
15.4 
18 
RH 
63.4 
64.6 
84 
73.7 
66.6 
63.6 
58.2 
52.4 
62.8 
58.3 
52.7 
48.7 
51.9 
57.6 
WS 
4.2 
1.1 
4.3 
3 
2.2 
1 1.4 
8.3 
8.8 
6.9 
7.9 
5.9 
2.5 
3 
3.5 
Ev 
2 
1.6 
1 
0.9 
1.1 
2.2 
2.9 
4.2 
3 
3.7 
3.2 
3.5 
4 
4.9 
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Table 21a. Population buildup of podfly and its parasites in late pigeonpea 
(2001-2002) 
Std 
Week 
51 
52 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
Ov% 
14 
12 
28 
22 
23 
19 
9.8 
6.8 
3.9 
24.6 
28.9 
24.3 
2.1 
0 
M/pod 
0 
0.7 
1.3 
0.7 
1.65 
1.45 
1.48 
1.52 
0.6 
1.1 
1.23 
0.56 
0.56 
0.2 
% 
Parast. 
0 
0 
0 
8.6 
7.2 
13.1 
12.9 
11.7 
14.6 
22.4 
31.4 
43 
49.6 
70 
RF 
0 
0 
0 
0 
0 
0.6 
12 
37 
0 
0 
0 
0 
0 
0 
MxT 
21.9 
22.6 
19.2 
22.6 
21.2 
20 
21.5 
21.7 
23.2 
28.4 
25.2 
25.7 
26.7 
36.7 
MnT 
5.4 
3.3 
2 
2.4 
4 
4.8 
3.1 
2.8 
6.2 
9.1 
8.6 
9 
9.6 
14.6 
RH 
77.3 
73.7 
76.7 
68.5 
80.8 
67.6 
68.9 
77.5 
77.5 
72.4 
78.6 
70 
74.2 
74.2 
WS 
3.4 
2.8 
3.1 
2.8 
2.7 
3.3 
4.3 
2.9 
4.3 
3.8 
3.1 
2.6 
2 
2.1 
Ev 
0.34 
0.86 
0.19 
0.28 
0.31 
0.45 
0.61 
0.34 
1.54 
1.68 
2.63 
2.89 
3.1 
3.24 
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Table 20b. Correlation of biotic and abiotic factors with podfly population 
(2000-2001) 
Abiotic factors 
Max. Temp. 
Min. temp. 
RH 
Wind speed 
Evaporation 
Rainfall 
Egg/pod 
% Oviposition 
Maggots/pod 
Vo Oviposition 
-0.560* 
-0.424 
0.552* 
-0.129 
-0.606* 
-0.330 
0.821** 
Maggots/pod 
-0.850** 
-0.619* 
0.827** 
-0.188 
-0.738* 
-0.189 
0.380 
.0.625* 
Vo Parasitization 
0.804** 
0.864** 
-0.658* 
-0.127 
0.748** 
-0.436 
0.494 
-0.456 
-0.466 
Table 21b. Correlation of biotic and abiotic factors with podfly population 
(2001-2002) 
Abiotic factors 
Max. Temp. 
Min. temp. 
RH 
Wind speed 
Evaporation 
Rainfall 
Egg/pod 
% Oviposition 
Maggots/pod 
% Oviposition 
-0.372 
-0.281 
-0.025 
-0.106 
-0.246 
-0.300 
0.707** 
Maggots/pod 
-0.509 
-0.502 
-0.046 
-0.265 
-0.445 
-0.414 
0.516 
0.394 
% Parasitization 
0.873** 
0.913** 
-0.118 
-0.517 
0.918** 
-0.149 
-0.786** 
-0.355 
-0.374 
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MANAGEMENT /:* 
Evaluation of IPM modules against pbdfly 
Three types of IPM modules; Chemo-intensive (CIPM), Bio-
intensive (BIPM) and No IPM (NIPM) were investigated against podfly. 
The results revealed a non significant effect of intercrops on egg 
population (0.14-0.15 eggs/pod) 7 days after first spray, whereas, in 
IPM modules the effect was significant (table 22). Among different 
modules, maximum population was recorded in NIPM (0.21 eggs/pod) 
followed by CIPM (0.12) and BIPM (0.11 eggs/pod). The egg population 
after second spray, also exhibited the same trend as of first spray (table 
23). The CIPM module was the most effective in reducing the egg 
population (0.07 eggs/pod) though showing a statistical parity with 
BIPM module (0.08 eggs/pod) and both were significantly superior to 
NIPM(0.17eggs/pod). 
The maggot population after 7 days of first spray exhibited 
identical trend to that of egg population (0.47-0.49 maggots/pod). The 
population in intercropped treatments was at par with sole crop (table 
24). The IPM modules, however, showed a significant effect on the 
maggot population. Minimum population was observed in CIPM module 
(0.40 maggots/pod) followed by BIPM (0.41) and NIPM (0.65). Similar 
was the trend with respect to second spray (table 25). The population 
decreased to a level of 0.44 maggots/pod in CIPM followed by 0.46 in 
BIPM and 0.77 maggots/pod in NIPM. Interestingly, here also, statistical 
parity was observed between CIPM and BIPM and both modules were 
significantly superior to NIPM. 
The intercrops did not leave any impact on pod damage (Plate 
3A) at crop maturity. The sole crop exhibited 18.8% pod damage 
followed by intercrops; pigeonpea + sorghum (18.3%) and pigeonpea + 
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urdbean (15.4%). These were statistically at par with each other and 
both the modules were significantly superior to NIPM module (table 26). 
Pod damage of 14.4% was computed in BIPM followed by CIPM 
(15.7%) against 22.3% in NIPM module. The intercrops did not show 
any effect on the grain damage (Plate 3B) also. All the treatments were 
statistically non-significant exhibiting 13.6, 13.8 and 12.6% in sole 
pigeonpea, pigeonpea + sorghum and pigeonpea + urdbean, 
respectively (table 27). 
The findings also indicated that a substantial increase in 
pigeonpea equivalent yield was observed in pigeonpea + sorghum 
(1638 kg/ha), pigeonpea + urdbean (1617 kg/ha) as compared to sole 
crop (1359 kg/ha). Similarly, a significant effect on grain yield was also 
observed in IPM modules (table 28). It varied from 1791 kg/ha (CIPM) 
to 1575 kg/ha (BIPM) having statistical parity with each other and 
significantly superior to 1249 kg/ha (NIPM). 
In 2001- 02, the egg population after 7 days of first spray was 
identical and showing no effect of cropping systems. The population 
ranged between 0.13-0.15 eggs/pod (table 29). On the other hand, the 
IPM modules reflected a significant reduction in egg population. A 
minimum of 0.10 eggs/pod was recorded in BIPM as well as CIPM and 
0.22 eggs/pod in NIPM modules. 
The egg population, after 7 days of second spray, followed the 
same trend as of first spray, however, IPM modules significantly 
reduced the egg population (table 30). The minimum of 0.17eggs/pod 
was recorded in CIPM module followed by BIPM (0.18 eggs/pod) and 
NIPM (0.34 eggs/pod). 
The effect of intercrops as well as different IPM modules on 
maggot population, pod damage, grain damage and yield also followed 
the same trend as of the preceding year (table 31 to 35). 
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Discussion 
Several cultural control practices have been investigated for their 
effect either in modifying podfly population levels or in reducing podfly 
damage. In the present study, intercropping sorghum or blackgam 
showed no effect on podfly incidence but an increase in total pigeonpea 
equivalent yield. Our findings are in consonance with the results of 
Singh and Singh (1978), Sharma and Pandey (1993) who reported 
intercropping sorghum, blackgarm, greengram or pearl millet showing 
no significant reduction in podfly population. The present studies, 
however, contradicted with the findings of Dahiya et al. (1992), Yadava 
et al. (1992) and Kumar and Khokhar (1992), who opined that 
intercropping sorghum or greengram with pigeonpea resulted in low 
podfly incidence as compared to sole crop. Such dissimilarity was 
attributed to the fact that above workers studied their experiments in 
early maturing pigeonpea cultivars, which matured simultaneously with 
intercrops unlike in late pigeonpea. The IPM modules tested against the 
podfly revealed that CIPM was the most effective in reducing the grain 
damage and increasing the grain yield, though at par with BIPM but 
significantly superior to NIPM. Patil et al. (2002) reported various 
modules, which were at par with each other against pod borer complex 
of pigeonpea including podfly. 
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Table 22. Effect of components of IPM on egg population 7 days after 1st spray 
(2000-2001) 
IPM components 
Pigeonpea Sole 
Pigeonpea + Sorghum 
Pigeonpea + Urdbean 
Mean 
No IPM 
0.21 
0.21 
0.22 
0.21 
Bio-intensive 
IPM 
0.11 
O.IO 
0.10 
0.11 
Chemo-intensive 
IPM 
0.12 
0.13 
0.12 
0.12 
Mean 
0.15 
0.14 
0.15 
-
CD for cropping system 
CD for IPM system 
NS 
0.02 
Table 23. Effect of components of IPM on egg population 7 days after Ilnd spray 
(2000-2001) 
IPM components 
Pigeonpea Sole 
Pigeonpea + Sorghum 
Pigeonpea + Urdbean 
Mean 
No IPM 
0.16 
0.19 
0.16 
0.17 
Bio-intensive 
IPM 
0.08 
0.08 
0.07 
0.08 
Chemo-intensive 
IPM 
0.07 
0.08 
0.07 
0.07 
Mean 
0.10 
0.12 
0.10 
0.11 
CD for cropping system 
CD for IPM svstem 
0.03 
0.02 
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Table 24. Effect of components of IPM on maggot population 7 days after 1st 
spray (2000-2001) 
IPM components 
Pigeonpea Sole 
Pigeonpea + Sorghum 
Pigeonpea + Urdbean 
Mean 
No IPM 
0.64 
0.68 
0.63 
0.65 
Bio-intensive 
IPM 
0.40 
0.40 
0.43 
0.41 
Chemo-intensive 
IPM 
0.38 
0.40 
0.42 
0.40 
Mean 
0.47 
0.49 
0.49 
0.48 
CD for cropping system 
CD for IPM system 
0.04 
0.05 
Table 25. Effect of components of IPM on maggot population 7 days after llnd 
spray (2000-2001) 
IPM components 
Pigeonpea Sole 
Pigeonpea + Sorghum 
Pigeonpea + Urdbean 
Mean 
No IPM 
0.77 
0.76 
0.79 
0.77 
Bio-intensive 
IPM 
0.49 
0.43 
0.46 
0.46 
Chemo-intensive 
IPM 
0.48 
0.37 
0.48 
0.44 
Mean 
0 58 
0.52 
0.57 
-
CD for cropping system 
CD for IPM svstem 
0.07 
0.06 
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Table 26. Effect of components of IPM on pod damage (2000-2001) 
IPM components 
Pigeonpea Sole 
Pigeonpea + Sorghum 
Pigeonpea + Urdbean 
Mean 
No IPM 
24.3 
(29.3) 
23.3 
(28.8) 
19.4 
(26.0) 
22.3 
(28.0) 
Bio-intensive 
IPM 
15.6 
(23.2) 
14.8 
(22.4) 
12.7 
(20.7) 
14.4 
(22.1) 
Chemo-intensive 
IPM 
16.6 
(23.9) 
16.6 
(23.6) 
14.0 
(21.7) 
15.7 
(23.1) 
Mean 
18.8 
(25.4) 
18.3 
(24.9) 
15.4 
(22.8 
-
CD for cropping system 
CD for IPM system 
J.J 
2.4 
Table 27. Effect of components of IPM on grain damage (2000-2001) 
IPM components 
Pigeonpea Sole 
Pigeonpea + Sorghum 
Pigeonpea + Urdbean 
Mean 
No IPM 
16.9 
(24.1) 
19.6 
(26.2) 
15.2 
(22.8) 
(24.4) 
Bio-intensive 
IPM 
12.0 
(20.2) 
12.5 
(20.5) 
8.1 
(16.5) 
10.8(19.2) 
Chemo-intensive 
IPM 
11.9 
(20.1) 
9.2 
(17.6) 
10.5 
(18.8) 
10.5(18.9) 
Mean 
13.6 
(21.5) 
13.8 
(21.4) 
12.6 
(19.7) 
CD for cropping system 
CD for IPM system 
1.4 
1.8 
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Table 28. Effect of components of IPM on pigeonpea equivalent yield (2000-2001) 
IPM components 
Pigeonpea Sole 
Pigeonpea + Sorghum 
Pigeonpea + Urdbean 
Mean 
No IPM 
1226 
1161 
1361 
1249 
Bio-intensive 
IPM 
1389 
1708 
1628 
1575 
Chemo-intensive 
IPM 
1463 
1984 
1926 
1791 
Mean 
1359 
1617 
1638 
1538 
CD for cropping system 
CD for IPM system 
426 
264 
Table 29. Effect of components of IPM on egg populaiton 7 days after 1*' spray 
(2001-2002) 
IPM components 
Pigeonpea Sole 
Pigeonpea + Sorghum 
Pigeonpea + Urdbean 
Mean 
No IPM 
0.20 
0.25 
0.20 
0.22 
Bio-intensive 
IPM 
0.10 
0.09 
o.n 
0.10 
Chemo-intensive 
IPM 
0.13 
0.11 
0.08 
0.10 
Mean 
0.14 
0.15 
0.13 
0.14 
CD for cropping system 
CD for 1PM system 
NS 
0.02 
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Table 30. Effect of components of IPM on egg population 7 days after 2"** spray 
(2001-2002) 
IPM components 
Pigeonpea Sole 
Pigeonpea + Sorghum 
Pigeonpea + Urdbean 
Mean 
No IPM 
0.33 
0.38 
0.31 
0.34 
Bio-intensive 
IPM 
0.18 
0.19 
0.19 
0.18 
Chemo-intensive 
IPM 
0.15 
0.19 
0.17 
0.17 
Mean 
0.22 
0.25 
0.22 
-
CD for cropping system 
CD for IPM system 
0.04 
0.03 
Table 31. Effect of components of IPM on maggot population 7 days after l" spray 
(2001-2002) 
IPM components 
Pigeonpea Sole 
Pigeonpea + Sorghum 
Pigeonpea + Urdbean 
Mean 
No IPM 
0.51 
0.56 
0.73 
0.60 
Bio-intensive 
IPM 
0.32 
0.44 
0.44 
0.40 
Chemo-intensive 
IPM 
0.30 
0.48 
0.32 
0.37 
Mean 
0.37 
0.49 
0.50 
0.45 
CD for cropping s\ stem 
CD for IPM svstem 
NS 
0.19 
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Table 32. Effect of components of IPM on maggot population 7 days after 2"** 
spray (2001-2002) 
IPM components 
Pigeonpea Sole 
Pigeonpea + Sorghum 
Pigeonpea + Urdbean 
Mean 
No IPM 
0.87 
0.93 
0.99 
0.93 
Bio-intensive 
IPM 
0.48 
0.56 
0.50 
0.52 
Chemo-intensive 
IPM 
0.54 
0.53 
0.59 
0.55 
Mean 
0.63 
0.67 
0.70 
-
CD for cropping system 
CD for IPM system 
0.05 
0.08 
Table 33. Effect of components of IPM on pod damage (2001-2002) 
IPM components 
Pigeonpea Sole 
Pigeonpea + Sorghum 
Pigeonpea + Urdbean 
Mean 
No IPM 
35.5 
(36.5) 
o 1 "> 
(33.9) 
35.9 
(36.8) 
34.2 
(35.7) 
Bio-intensive 
IPM 
19.3 
(26.0) 
18.8 
(25.6) 
19.5 
(26.0) 
19.2 
(25.9) 
Chemo-intensive 
IPM 
19.5 
(26.2) 
19.4 
(26.1) 
Mean 
24.8 
(29.6) 
23.2 
(28.5) 
20.2 i 25.2 
(26.6) (29.8) 
19.7 1 
(26.3) ! 
CD for cropping system 
CD for IPM system 
NS 
2.3 
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Table 34. Effect of components of IPM on grain damage (2001-2002) 
IPM components 
Pigeonpea Sole 
Pigeonpea + Sorghum 
Pigeonpea + Urdbean 
Mean 
No IPM 
29.6 
(32.9) 
28.9 
(32.3) 
34.9 
(36.1) 
31.1 
(33.8) 
Bio-intensive 
IPM 
15.1 
(22.8) 
14.4 
(22.3) 
16.3 
(23.6) 
15.3 
(22.9) 
Chemo-intensive 
IPM 
18.1 
(25.1) 
15.9 
(23.4) 
19.2 
(25.9) 
17.7 
(24.8) 
Mean 
20.9 
(26.9) 
19.8 
(26.0) 
23.4 
(28.5) 
-
CD for cropping system 
CD for IPM system 
NS 
Table 35. Effect of components of IPM on pigeonpea equivalent yield (2001-2002) 
IPM components 
Pigeonpea Sole 
Pigeonpea + Sorghum 
Pigeonpea + Urdbean 
Mean 
No IPM 
1158 
1724 
1429 
1437 
Bio-intensive 
IPM 
1242 
2013 
1916 
1723 
Chemo-intensive 
IPM 
1770 
2138 
1749 
1885 
Mean 
1390 
1958 
1698 
1682 
CD for cropping system 
CD for IPM system 
519 
284 
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REF insecticides 
All the REF insecticides, applied in 2000-01, significantly reduced 
the egg and larval population (table 36a). On the basis of mean of two 
observations, the minimum egg population (0.05eggs/pod) was recorded 
in dimethoate when sprayed twice. This treatment was, however, at par 
with deltachylothrin, imidacloprid, profenophos, endosulfan and 
quinalphos. 
Similarly, two sprays of acephate and other sequential 
combinations viz., profenophos-^monocrotophos (one spray each) also 
recorded identical population of 0.08 egg/pod. In other combinations, 
profenophos—»-onion, profenophos-^garlic, profenophos->-NSKE (one 
spray each) and NSKE (two sprays), the population could range 
between 0.09-0.10 eggs/pod. 
A significant reduction in maggot population was observed (0.17 
maggots/pod) when profenophos followed by monocrotophos was 
sprayed. This was however, at par with two sprays of dimethoate, 
profenophos, imidacloprid and quinalphos (0.18 maggots/pod). The 
other combinations; two sprays of deltachylothrin, acephate and 
profenophos^dimethoate ranked next in order of their preference (0.22 
maggots/pod). The remaining treatments could also bring down the 
population significantly (0.30 to 0.33 maggots/pod) against control (0.45 
maggots/pod). 
The pod damage, among the treatments, varied significantly (32.3 
to 38.3%) over control (48.2%) as well as NSKE (43.3%). As far as grain 
damage was concerned, the minimum was recorded in dimethoate 
(14.6%) followed by profenophos (16.4%), when sprayed twice each. 
Whereas, the profenophos-^monocrotophos (18.3%), two sprays of 
imidacloprid (18.5%) and profenophos^garlic (19.0%) were next best 
treatments in reducing grain damage (table 36b). In remaining 
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treatments, it was in the order of 20.2 < 20.9 < 21.6 < 22.3 < 22.5 < 23.0 
< 27.0 <28.2 in two sprays of deltachylothrin, profenophos^dimethoate, 
profenophos-^onion, profenophos—^NSKE, two sprays of acephate, 
endosulfan, NSKE, respectively. All these treatments were superior to 
control (44.8%). 
Maximum grain yield was obtained in two sprays of profenophos 
(2046 kg/ha) followed by dimethoate (1750 kg/ha), 
profenophos->dimethoate (1746 kg/ha), quinalphos (1740 kg/ha), 
profenophos^NSKE (1733 kg/ha) and profenophos-^monocrotophos 
(1725 kg/ha). The other treatments, profenophos-»-garlic (1646 kg/ha), 
two sprays of deltachylothrin (1630 kg/ha), acephate (1595 kg/ha), 
profenophos->onion (1513 kg/ha), two sprays of endosulfan 
(1410kg/ha) and NSKE (1277 kg/ha) also exhibited better grain yield 
and were also significantly superior to control (928 kg/ha). 
The results obtained in 2001-02 revealed that the lowest egg 
population was recorded in dimethoate (0.04 eggs/pod) and 
profenophos, quinalphos and imidacloprid (0.06eggs/pod), sprayed 
twice (table 37a). The other treatments, profenophos->monocrotophos, 
profenophos^dimethoate and profenophos-^NSKE did receive a bit 
high but identical infestation (0.07 eggs/pod) followed by deltachylothrin 
and acephate (0.08 eggs/pod), profenophos^garlic (0.09 eggs/pod), 
profenophos^onion (0.11 eggs/pod), two sprays of endosulfan (0.12 
eggs/pod), NSKE (0.13 eggs/pod) and control (0.26 eggs/pod). 
The distribution of larval population was more or less same as of eggs. 
Minimum larval population (0.16 maggots/pod) was in profenophos, 
imidacloprid (two sprays) and profenophos-^monocrotophos followed by 
dimethoate and quinalphos, two sprays each (0.17 maggots/pod), 
acephate and deltachylothrin (0.09 maggots/pod), 
profenophos^dimethoate (0.21 maggots/pod), profenophos-^NSKE 
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(0.26 maggots/pod), endosulfan sprayed twice (0.29 maggots/pod), 
profenophos—»-onion (0.31 maggots/pod), profenophos—^garlic (0.32 
maggots/pod) and NSKE sprayed twice (0.33 maggots/pod). 
It was also revealed from the findings (table 37b) that all the 
treatments significantly reduced the pod damage except two sprays of 
NSKE (32.6%) and profenophos^ onion (31.5%), however, the other 
treatments; dimethoate (19.3%), profenophos (22.0%), imidacloprid 
(23.4%), acephate (26.0%), profenophos-^monocrotophos (26.0%), 
quinalphos (26.3 each), endosulfan (28.6%), profenophos^garlic 
(27.3%), profenophos^dimethoate (28.0%), two sprays of 
deltachylothrin (28.2%), profenophos^NSKE (28.6%), were significantly 
superior to untreated control (38.0%). 
The lowest grain damage was recorded in dimethoate (13.5%) 
followed by profenophos (14.6%), profenophos—»-monocrotophos 
(15.1%), imidacloprid (16.5%) and deltachylothrin (17.0 %). However, 
the other treatments also exhibited a significant difference with 
untreated control (38.4%). It was in the order of 17.3 < 17.5 < 17.6 < 
17.7 < 20.0 < 22.2 < 26.6 < 27.4 % in profenophos—^dimethoate, two 
sprays of acephate, quinalphos, profenophos->NSKE, 
profenophos-^onion, two sprays of endosulfan, profenophos->garlic and 
NSKE, respectively. The grain yield of 1933 kg/ha was obtained in two 
sprays of profenophos followed by 1730 (dimethoate), 1710 
(profenophos^monocrotophos), 1696 (imidacloprid), 1675 
(profenophos->dimethoate), 1660 (quinalphos), 1648 (deltachylothrin), 
1591 (acephate), 1590 (profenophos->NSKE), 1560 
(profenophos-^garlic), 1490 (profenophos^onion), 1435 (endosulfan), 
1240 (NSKE) and 1076 kg/ha (untreated control). 
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Discussion 
Till date the insecticides proved to be an effective weapon to 
minimize the colossal losses incurred by M. obtusa in pigeonpea. A 
number of insecticides have been evaluated and found very effective 
against this noxious insect species and optimizing the yield potential of 
pigeonpea. In the present study, a number of insecticides viz., 
dimethoate, profenophos, quinolphos and acephate showed significantly 
better control of podfly when sprayed twice and also in interchanging 
combinations. Similar findings have been reported earlier by Mishra 
(1985), Patel and Pate! (1989), Patil et al. (1990), and Bhandari and 
Ujagir (2002). Dimethoate 0.03% at the time of 50% pod primordial 
stage and next 15 days after first spray, gave effective control against 
podfly. These findings are in conformity with Patil et al. (1990), Lai and 
Yadava (1988) and Singh et al. (2001). 
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Table 36a. Effect of REF insecticides against podfly (2000-01) 
Treatments 
Profenophos^->^Dimethoate 
Acephate 2 sprays 
Profenophos<-^monocrotophos 
Profenophos 2 sprays 
Dimethoate 2 sprays 
Profenophos-<->Garlic 
Profenophos<-^NSKE 
Profenophos-^-^Onion 
Endosulfan 2 sprays 
Quinolphos 2 sprays 
Deltachylothrin 2 sprays 
Imidacloprid 2 sprays 
NSKE 2 sprays 
Control (Untreated) 
CD at 5% 
15 DAS (1st) 
E 
0.04 
0.02 
0.02 
0.02 
0.01 
0.01 
0.10 
0.04 
0.01 
0.01 
0.02 
0.01 
0.03 
0.17 
0.02 
M 
0.18 
0.13 
0.12 
0.10 
0.08 
0.21 
0.18 
0.21 
0.13 
0.10 
0.11 
0.12 
0.17 
0.30 
0.02 
15 DAS (Ilnd) 
E 
0.12 
0.15 
0.14 
0.12 
0.10 
0.19 
0.19 
0.14 
0.13 
0.14 
0.18 
0.12 
0.28 
0.43 
0.24 
M 
0.27 
0.31 
0.23 
0.26 
0.29 
0.45 
0.41 
0.43 
0.49 
0.26 
0.32 
0.24 
0.39 
0.62 
0.16 
Mean 
E 
0.08 
0.08 
0.08 
0.07 
0.05 
0.10 
0.10 
0.09 
0.07 
0.07 
0.06 
0.06 
0.10 
0.30 
0.13 
M 
0.22 
0.22 
0.17 
0.18 
0.18 
0.33 
0.30 
0.32 
0.32 
0.18 
0.21 
0.18 
0.28 
0.45 
0.09 
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Table 36b.Effect of REF insecticides against podfly (2000-01) 
Treatments 
Profenophos^-^Dimethoate 
Acephate 2 sprays 
Profenophos<->^monocrotophos 
Profenophos 2 sprays 
Dimethoate 2 sprays 
Profenophos<->GarIic 
Profenophos<->NSKE 
Profenophos<—>^Onion 
Endosulfan 2 sprays 
Quinolphos 2 sprays 
Deltachylothrin 2 sprays 
Imidacloprid 2 sprays 
NSKE 2 sprays 
Control (Untreated) 
CD at 5% 
Pod damage 
(%) 
38.0 (38.1) 
34.5 (36.0) 
37.3 (37.6) 
34.4 (35.9) 
32.2 (34.6) 
32.5 (34.8) 
37.6 (37.8) 
37.6 (37.8) 
38.3 (38.2) 
33.8 (35.6) 
37.6 (37.8) 
Grain 
damage 
(%) 
22.5(28.3) 
23.0(28.7) 
18.3(25.3) 
21.6(27.7) 
14.6(22.5) 
19.1(25.9) 
20.9(27.2) 
22.3(28.2) 
27.0(31.2) 
16.4(23.9) 
20.2 (26.7) 
34.8 (36.2) 1 18.5(25.5) 
1 
43.3 (41.2) 1 28.2(32.4) 
48.2 (44.0) , 44.8(42.0) 
i 
2.8 5.8 
Avoidable 
losses 
(%) 
49.8 
48.7 
59.2 
51.8 
67.5 
57.4 
53.4 
50.3 
39.8 
63.4 
55.0 
58.8 
37.1 
-
-
Yield 
(kgAia) 
1746 
1595 
1725 
2046 
1750 
1646 
1733 
1513 
1410 
1740 
1630 
1720 
1277 
929 
110.5 
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Table 37a. Effect of REF insecticides against podfly (2001-02) 
Treatments 
Profenophos<->Dimethoate 
Acephate 2 sprays 
Profenophos-<->monocrotophos 
Profenophos 2 sprays 
Ditnethoate 2 sprays 
Profenophos<->Garlic 
Profenophos<->NSKE 
Profenophos<->Onion 
Endosulfan 2 sprays 
Quinolphos 2 sprays 
Deltachylothrin 2 sprays 
Itnidacloprid 2 sprays 
NSKE 2 sprays 
Control (Untreated) 
CD at 5% 
15 DAS (1st) 
E 
0.04 
0.02 
0.02 
0.02 
0.01 
0.01 
0.12 
0.04 
0.12 
0.01 
0.02 
0.02 
0.05 
0.16 
0.06 
M 
0.18 
0.09 
0.12 
0.09 
0.08 
0.20 
0.13 
0.21 
0.18 
0.11 
0.12 
0.11 
0.20 
0.30 
0.44 
15 DAS (Ilnd) 
E 
0.10 
0.14 
0.13 
0.11 
0.08 
0.18 
0.13 
0.18 
0.12 
0.12 
0.14 
0.10 
0.22 
0.37 
0.33 
M 
0.24 
0.29 
0.21 
0.24 
0.27 
0.44 
0.39 
0.41 
0.41 
0.24 
0.26 
0.21 
0.46 
0.59 
0.20 
Mean 
E 
0.07 
0.08 
0.07 
0.06 
0.04 
0.09 
0.07 
0.11 
0.12 
0.06 
0.08 
0.06 
0.13 
0.26 
0.19 
M 
0.21 
0.19 
0.16 
0.16 
0.17 
0.32 
0.26 
0.31 
0.29 
0.17 
0.19 
0.16 
0.33 
0.45 
0.32 
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Table 37b. Effect of REF insecticides against podfly (2001-02) 
Treatments 
Profenophos<->^Dimethoate 
Acephate 2 sprays 
Profenophos^-^monocrotophos 
Profenophos 2 sprays 
Dimethoate 2 sprays 
Profenophos<-^Garlic 
Profenophos<->NSKE 
Profenophos<—)^ Onion 
Endosulfan 2 sprays 
Quinolphos 2 sprays 
Deltachylothrin 2 sprays 
Imidacloprid 2 sprays 
NSKE 2 sprays 
Control (Untreated) 
CD at 5% 
Pod 
damage 
(%) 
28.0 (32.0) 
26.0(30.7) 
26.0(30.7) 
22.0(28.0) 
19.3(26.1) 
27.3(31.5) 
28.6(32.3) 
31.5(34.1) 
28.6(32.3) 
26.3(30.9) 
28.2(32.1) 
23.4(28.9) 
32.6(34.8) 
38.0(38.1) 
7.0 
Grain 
damage 
(%) 
17.3(24.6) 
17.5(24.7) 
15.1(22.9) 
14.6(22.5) 
13.5(21.6) 
26.6(31.0) 
17.7(24.9) 
20.0 (26.6) 
22.2(28.1) 
17.6(24.8) 
17.0(24.4) 
16.5(24.0) 
27.4(31.6) 
38.4(38.3) 
7.9 
Avoidable 
losses 
(%) 
55.0 
54.5 
60.7 
62.0 
64.9 
30.8 
54.0 
15.2 
42.2 
54.2 
55.8 
57.1 
28.7 
-
-
Yield 
(kg/ha) 
1675 
1591 
1710 
1933 
1730 
1560 
1590 
1490 
1435 
1660 
1648 
1696 
1240 
1076 
142 
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Plant products 
Plant products were compared with respect to untreated and 
insecticidal (dimethoate) check. It was inferred (table 38) that all the 
treatments, except onion 1%, reduced the egg population significantly 
after 15 days of each spray. Among the plant products, NSKE was 
found as the best treatment (0.13 eggs/pod) showing statistical parity 
with dimethoate check (0.08 eggs/pod). This was followed by garlic 2% 
and onion 2% (0.15 eggs/pod each), turpentine oil 1% (0.18 egg/pod), 
garlic 1% (0.22eggs/pod), onion 1% (0.19eggs/pod) and control 
(0.26eggs/pod). Similarly, NSKE was found to be the best in reducing 
maggot population (0.31 maggots/pod), statistically at par with 
dimethoate check (0.24 maggots/pod). Though, the other treatments 
also contributed in bringing down the maggot population, but not to a 
level of significant difference with dimethoate check, yet significantly 
superior to untreated control (0.58maggots/pod). 
Once again NSKE proved to be the best treatment in minimizing 
the pod damage (31.0%) in contrast to control (46.5%). Nonetheless, 
the other treatments were also found statistically superior wherein, the 
damage ranged between 34 to 41%. Similarly, same treatments also 
exerted their impact on grain damage showing variation from 20.4 to 
31.0% in contrast to 40.0% in untreated check. Here too, application of 
dimethoate resulted into minimum grain damage (20.4%) followed by 
NSKE (28.0%), garlic 2% (28.1%) and onion 2% (28.3%). It was also 
opined that onion, garlic and turpentine oil ( 1% each) were the least 
effective but significantly superior to control (40%). Maximum grain yield 
(1233 kg/ha) was obtained in dimethoate followed by NSKE (1109 
kg/ha), garlic 2% (1072 kg/ha), onion 2% (938 kg/ha), turpentine oil 1% 
(862 kg/ha) and garlic 1% (798 kg/ha). However, onion 1% (783 kg/ha) 
exhibited statistical parity with untreated check (622 kg/ha). 
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The results of 2001-02, on various parameters, showed a similar 
trend as of the preceding year (table 39). Among plant products, NSKE 
proved to be the best treatment (0.12 eggs/pod) in reducing the egg 
population showing statistical parity with dimethoate check (0.08 
eggs/pod). However, the other treatments were also statistically at par 
with control. Similarly, the lowest maggot population (0.26 
maggots/pod) was recorded in NSKE (0.32 maggots/pod) statistically at 
par with dimethoate check (0.26 maggots/pod). All other treatments 
were non significant. A significant difference of varying magnitude was 
observed between the treatments (32.0 to 40.6%) with respect to pod 
damage against control (50.6%). Minimum grain damage (16.8%) was 
recorded in dimethoate followed by 27.4% in NSKE, 24.5% in garlic 2% 
and 25.4% in onion 2%. Similarly, grain yield was maximum (1460 
kg/ha) in dimethoate followed by 1106 kg/ha in NSKE, 1084 in garlic 
2% and 1090 kg/ha in onion 2%. All other treatments were statistically 
at par with control (633 kg/ha). 
Neem formulations 
When a comparison was made between different treatments of 
neem formulations and insecticide and untreated check, it was found 
that the lowest pod damage (26.2%) was noted in dimethoate check 
(table 40). Among different neem formulations, NSKE was found to be 
the best treatment (33.3%) followed by Achook (33.7%), Blokade 
(35.0%), Multineem (37.5%), Neemarin (38.4%) and were statistically 
superior to untreated check (49.2%). Similar was the trend with respect 
to grain damage. Minimum (18.8%) was recorded in dimethoate check 
followed by 26.5, 27.1, 28.8, 29.2, 29.7 and 31.3% in NSKE, Multineem, 
Blokade, Achook, Neemarin and Nimbecidine, respectively. Maximum 
yield (1867 kg/ha) was attributed to dimethoate (check) followed by 
NSKE (1343 kg/ha), Achook (1251 kg/ha), Multineem (1208 kg/ha), 
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Blockade (1118 kg/ha), Neemarin (1096 kg/ha) and Nimbecidine (1102 
kg/ha). 
With few exceptions, the experimental findings of 2001-02 were 
almost similar to that of previous year. Dimethoate (check) exhibited 
minimum pod damage (24.8%) followed by NSKE (38.0%). The pod 
damage ranged between 38.6 - 43.4% among other treatments. The 
grain damage was minimum (20.0%) in dimethoate (check) followed by 
22.7 and 22.8% in Achook and NSKE, respectively. Multineem (24.2%), 
Blockade (24.8%) Neemarin (26.0%) and Nimbecidine (26.3%) were 
next effective treatments, significantly superior to the control (38.6%). 
Likewise, maximum yield (1982 kg/ha) was recorded in 
Dimethoate (check). The other treatments viz., NSKE, Nimbecidine, 
Multineem, Neemarin, Blockade and Achook also exerted their marked 
influence in increasing the grain yield as compared to untreated check 
(891 kg/ha). The corresponding figures were 1526, 1375, 1210, 1148, 
1135 and 1075 kg/ha. 
Plant products as repellent /oviposition deterrents 
The ovipositional repellent property of plant products against pod 
fly was evaluated at three time intervals; 2, 5 and 10 days. It was 
inferred (table 41a) that the oviposition was minimum in NSKE (67.9% 
reduction in egg laying), followed by onion extract 2% (59.7%), garlic 
extract 2% (57.9%), garlic extract 1% (52.2%) and pine oil 0.2% 
(51.6%). The dimethoate (check) prevented 80.0% oviposition after 2 
days of spraying. The other treatments also significantly reduced the 
oviposition (13.7 to 49.5%). Similarly, minimum maggot population was 
encountered in dimethoate check (0.55 maggots/pod) followed by 
NSKE (0.90 maggots/pod). Turpentine oil 0.1% (1.97 maggots/pod) and 
pine oil 0.1% (1.84 maggots/pod) appeared to be the least effective but 
statistically superior to untreated check (2.36 maggots/pod)(table 41 b). 
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After 5 days of spray, NSKE proved to be the best treatment 
among the plant products reducing 62.1% egg laying, whereas, other 
treatments could leave their impact to an extent of 57.9% (onion 2%) 
and 54.8% (garlic 2%). More or less similar were the findings with 
respect to maggot population. NSKE and onion 2% were the best 
treatments showing the reduction of larval population to a level of 1.06 
and 1.28 maggots/pod, respectively. The other treatments were also 
significantly superior to control. 
Once again NSKE happened to be the best treatment in reducing 
the egg laying (50%) followed by onion 2% (29.4 %), garlic 2% (28.6%) 
and pine oil 0.2% (25.0 %). However, turpentine oil and eucalyptus oil, 
(0.1% each), were found to be ineffective. A similar trend was observed 
with respect to maggot population. 
The grain damage got significantly reduced in plants kept open 
for 2 days after spraying (table 41b). Minimum (11.6%) was observed in 
dimethoate followed by NSKE (16.3%) onion 2% (18.5%), garlic 2% 
(19.3%), garlic 1% (21.5%) and pine oil 1% (21.7%)). A significant effect 
of all these treatments was also observed on grain damage after five 
days of spray. A minimum of 16.8% grain damage was recorded in 
NSKE followed by onion 2%> (18.6%) garlic 2% (19.4%) and cedar wood 
oil 2% (21.2%). All other treatments were statistically at par with each 
other (23.4 to 27.3) and superior to untreated check (38.3%). It was 
also opined that NSKE was the only treatment that remained effective 
even after five days of sprays. 
Discussion 
The oviposiotional repellent property of NSKE and other 
botanicals have earlier been reported on agromyzid flies by many 
workers (Singh & Srivastava, 1983; Areekul et al, 1988; Ranganath et 
al., 1997; and Venkateshwarlu & Singh, 1998). Their findings are in 
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accordance with our findings. Recently, Patil and Goud (2003) 
confirmed the ovipositional repellent property of Neem against Flotilla 
xylostella. Srivastava et al. (1984) also reported neem kernel extract 
(5-8%) effectively controlling M. obtuse in pigeonpea. Similarly, 
Krishnamoorthy and Srinivasan (1996) strengthened our findings by 
showing NSKE as the best effective after insecticidal treatment against 
Ophiomyia phaseoli in French bean. 
Plants during their long evolution have synthesized a diverse 
array of chemicals to prevent colonization of insects and other 
herbivores. These chemicals repel approaching insects; deter feeding 
and oviposition on the plants, disrupt behaviour and physiology of 
insects in various ways and even prove toxic to different developmental 
stages of many insects. Neem, due to its legendary insect repellent and 
ovipositional deterrent properties, has been identified as the most 
promising of all. In the present studies, NSKE, garlic, onion and other 
plant products showed ovipositional deterrent property against podfly. 
This property was, however, limited upto 5 days. These products could 
be used in the management of podfly by spraying them with relation to 
podding behaviour of a particular pigeonpea cultivar. NSKE 5% was the 
most effective in reducing the podfly population and increasing the yield 
as compared to unsprayed control. The present findings are in 
complete agreement with that of Daware and Dhanorkar (1981), 
Thakre et al. (1983), Srivastava e^ al. (1984), Pandao et al. (1993). 
Singh et al. (1985) reported 10% neem oil to be significantly reducing 
podfly incidence. The plant products used in the present study could not 
be compared with the efficacy of synthetic insecticides. Similar 
observations were made by Akhuari and Yadava (1999). Sadarwarte 
and Sarode (1997) reported NSKE more effective when used in 
combination with insecticides than alone. 
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Table 41a. Ovipositional deterrent property of plant 
products against podfly in pigeonpea. 
Treatment 
Onion extract 
Onion extract 
Garlic extract 
Garlic extract 
Eucalyptus oil 
Eucalyptus oil 
Turpentine oil 
Turpentine oil 
Pine oil 
Pine oil 
Cedar wood oil 
Cedar wood oil 
NSKE 
Dimethoate 
Control 
CD at 5% 
Dose 
(%) 
1 
2 
1 
2 
0.1 
0.2 
0.1 
0.2 
0.1 
0.2 
0.1 
0.2 
5 
0.03 
" 
-
Oviposition 
(%) 
2 
Days 
34.0 
(35.7) 
26.6 
(31.0) 
31.6 
(31.2) 
27.8 
(31.8) 
50.6 
(45.3) 
40.8 
(39.7) 
57.0 
(49.0) 
49.6 
(44.8) 
51.0 
(45.6) 
32.0 
(34.4) 
46.0 
(42.7) 
32.5 
(34.8) 
21.2 
(27.4) 
13.2 
(21.3) 
66.0 
(54.3) 
3.7 
5 
Days 
36.0 
(36.9) 
24.2 
(29.5) 
28.0 
(30.7) 
26.0 
(32.0) 
52.0 
(46.2) 
42.0 
(40.4) 
64.6 
(53.5) 
52.8 
(46.6) 
46.0 
(42 7) 
37.0 
(37.5) 
43.2 
(41.1) 
41.6 
(40.2) 
21.8 
(27.8) 
15.2 
(23.0) 
57.4 
(49.3) 
4.0 
10 
Days 
38.6 
(38.4) 
33.9 
(35.0) 
39.0 
(38.6) 
34.3 
(35.9) 
57.6 
(49.4) 
54.0 
(47.3) 
61.8 
(51.8) 
41.0 
(39.8) 
42.6 
(40.7) 
36.0 
(36.9) 
45.4 
(42.4) 
45.4 
(42.4) 
24.0 
(29.3) 
17.2 
(24.5) 
48.0 
(43.8) 
4.2 
Increase/ decrease 
(%) 
2 
Days 
-49.5 
-59.7 
-52.2 
-57.9 
-23.4 
-38.2 
-13.7 
-24.9 
-22.8 
-51.6 
-30.4 
-33.4 
-67.9 
-80.0 
-
5 
Days 
-37.3 
-57.9 
-48.9 
-54.8 
-9.5 
-26.9 
12.5 
-8.1 
-19.9 
-35.6 
-24.8 
-27.6 
-62.1 
-73.6 
-
10 
Days 
-19.6 
-29.4 
-18.8 
-28.6 
20.0 
12.5 
28.7 
-14.6 
-11.3 
-25.0 
-5.5 
-5.5 
-50.0 
-64.2 
-
-
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Table 41b. Ovipositional deterrent property of plant 
products against podfly in pigeonpea. 
Treatment 
Onion extract 
Onion extract 
Garlic extract 
Garlic extract 
Eucalyptus oil 
Eucalyptus oil 
Turpentine oil 
Turpentine oil 
Pine oil 
Pine oil 
Cedar wood 
oil 
Cedar wood 
oil 
NSKE 
Dimethoate 
Control 
CD at 5% 
Dose 
(%) 
1 
2 
1 
2 
0.1 
0.2 
0.1 
0.2 
0.1 
0.2 
0.1 
0.2 
5 
0.03 
~ 
Maggots/ pod 
2 
Days 
1.57 
1.09 
1.34 
1.12 
1.85 
1.64 
1.97 
1.57 
1.84 
1.63 
1.75 
1.63 
0.90 
0.55 
2.36 
0.18 
5 
Days 
1.36 
1.28 
1.46 
1.65 
2.30 
1.66 
1.89 
1.61 
1.95 
1.68 
1.86 
1.73 
1.06 
0.82 
2.45 
0.15 
10 
Days 
1.41 
1.38 
1.56 
1.43 
2.46 
1.74 
1.99 
2.44 
1.74 
1.76 
1.89 
1.73 
1.44 
0.83 
2.48 
0.17 
Grain damage 
(%) 
2 
Days 
23.1 
(28.7) 
18.6 
(25.5) 
21.5 
(27.6) 
19.3 
(26.1) 
27.3 
(31.5) 
24.2 
(29.4) 
26.6 
(31.0) 
21.8 
(27.7) 
26.0 
(30.6) 
21.7 
(27.7) 
25.4 
(31.4) 
23.6 
(29.0) 
16.3 
(23.8) 
11.6 
(19.0) 
34.1 
(35.7) 
2.0 
5 
Days 
25.5 
(30.2) 
18.5 
(25.4) 
21.5 
(27.6) 
19.4 
(26.1) 
27.1 
(31.4) 
24.6 
(29.7) 
26.1 
(30.7) 
23.4 
(28.9) 
27.3 
(31.5) 
24.3 
(29.5) 
26.6 
(31.0) 
21.2 
(27.4) 
16.8 
(24.2) 
12.0 
(20.2) 
38.3 
(38.2) 
9.8 
10 
Days 
34.3 
(35.9) 
32.1 
(34.5) 
35.1 
(36.3) 
33.2 
(35.2) 
38.1 
(38.1) 
38.4 
(38.3) 
37.9 
(38.0) 
36.2 
(37.0) 
35.8 
(36.8) 
36.9 
(37.4) 
36.3 
(37.0) 
35.8 
(36.8) 
22.5 
(28.3) 
14.6 
(22.4) 
39.5 
(38.9) 
5.5 
Inc rease/d ec rease 
(%) 
2 
Days 
32.3 
45.5 
37.0 
43.5 
20.0 
29.1 
22.0 
36.1 
23.8 
36.4 
25.6 
30.8 
52.2 
66.0 
-
-
5 
Days 
33.5 
51.7 
43.9 
43.2 
29.3 
35.8 
31.9 
39.0 
28.8 
36.6 
30.6 
44.7 
56.2 
68.7 
-
-
10 
Days 
13.2 
18.8 
11.2 
16.0 
3.6 
2.8 
4.1 
7.4 
6.6 
10.3 
7.4 
9.4 
53.1 
63.1 
-
-
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Performance of insecticides on parasitoids vis-a-vis podfly 
Observations on egg laying, maggot and parasitoid population 
were taken at weekly intervals. In the first year, it was inferred from the 
data (table 42, fig. 13) that the eggs were observed on 51 SW and 
onwards. Minimum population was encountered in dimethoate (0.67 
eggs/pod) followed by profenophos (0.73), monocrotophos (0.74), 
acephate (0.83), endosulfan (0.89) and NSKE (1.31). Thereafter, egg 
population decreased gradually till 7 SW in different treatments, 
acephate (1.0), dimethoate (0.2), endosulfan (0.24), profenophos (0.23), 
monocrotophos (0.25), NSKE (0.28) and untreated control (0.26). The 
eggs could be recorded up to 11 SW, coinciding with crop maturity. 
The maggot population was observed initially from 52 SW 
and reflected almost the same trend as of egg population (table 44, fig. 
15). The population was maximum (0.29 maggots/pod) in untreated 
check, followed by endosulfan (0.28 maggots/pod), acephate and NSKE 
(0.25 maggots/pod), monocrotophos (0.22 maggots/pod), profenophos 
(0.20 maggots/pod) and dimethoate (0.19maggots/pod). The maggot 
population further elevated gradually till 7 SW. The respective figures 
were 0.73 in NSKE, 0.71 in acephate and endosulfan, 0.58 in 
profenophos and monocrotophos and 0.56 maggots/pod in dimethoate. 
The population again plunged to 0.25, 0.12, 0.25, 0.18, 0.22, 0.30, and 
0.34 in acephate, dimethoate, endosulfan, profenophos, 
monocrotophos, NSKE and untreated check, respectively on 12 SW 
(fig. 15). 
The parasitoids started attacking podfly from 2 SW (table 46, fig. 
17). The treatments showed a significant variation in the parasitization in 
the respective weeks. On 52 SW, the parasitization could reach to 4.8, 
3.8, 3.6, 2.3, 1.5, 1.3, and 1.6 in dimethoate, acephate, NSKE, 
profenophos, endosulfan, and monocrotophos, respectively. The 
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maximum parasitization of 70.2% was recorded on 11 SW in untreated 
check, at par with NSKE (70%) followed by dimethoate (66.2%), 
acephate (57.8%), profenophos (54.8%), monocrotophos (26.8) and 
endosulfan (26.2%) (Fig. 17). 
Results based on pooled analysis (table 48) indicated that 
dimethoate, profenophos, acephate and monocrotophos were quite 
effective against podfiy. The egg population was minimum in dimethoate 
(0.33 eggs/pod) followed by profenophos (0.35), acephate (0.36), 
monocrotophos (0.38), endosulfan (0.48) and NSKE (0.60) as compared 
control (0.71 eggs/pod). Similarly, dimethoate and profenophos were 
proved to be the best treatments in restricting maggot population (0.25 
maggots/pod). The other treatments; monocrotophos, acephate, 
endosulfan and NSKE could also exhibit in reduction of population to a 
level of 0.28, 0.29, 0.34 and 0.43 maggots/pod, respectively. 
Profenophos (12.4%) was most effective in minimizing the grain damage 
followed by dimethoate (12.8%), monocrotophos (14.4%), acephate 
(16.1%), endosulfan (19.1%) and NSKE (23.5%). All these treatments 
were significantly superior to control (36.7%). Maximum yield was 
attributed to profenophos (1684 kg/ha) followed by dimethoate (1623 
kg/ha) and monocrotophos (1530kg/ha). Nonetheless, the other 
treatments; acephate, endosulfan and NSKE could also show a 
significant effect on yield component. The corresponding figures were 
1503 kg/ha, 1462 kg/ha and 1138 kg/ha. 
NSKE (18.6%), dimethoate (17.5%) and profenophos (16.3%) did 
not show deleterious effect on parasitoids as evidenced from their 
values being statistically at par with untreated check (19.9%). 
Conversely, endosulfan (9.9%) and monocrotophos (8.3%) exerted their 
direct bearing on parasitoids. Acephate (14.9%), however, fell into 
intermediate category. 
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There was similarity in the trend of population fluctuation of eggs 
with respect to 2001-02 (table 43, fig. 14). It was as high as 1.56 
eggs/pod in untreated check, followed by NSKE (0.83), acephate (0.67), 
dimethoate (0.89) and endosulfan (0.73 eggs/pod). The population on 7 
SW was recorded as 0.25 in acephate, 0.13 in dimethoate, 0.34 in 
endosulfan, 0.19 in profenophos, 0.24 in monocrotophos, 0.59 in NSKE 
and 0.83eggs/pod in untreated control. Thereafter, it again increased on 
8 SW and again decreased gradually till 11 SW. No egg laying was 
recorded on 12 SW (fig. 14). 
The maggot population could be witnessed on 52 SW. It reached 
to the maximum of 0.83 maggots/pod in untreated check in comparison 
to NSKE and acephate (0.74 maggots/pod), endosulfan (0.72), 
monocrotophos (0.66), profenophos (0.63) and dimethoate (0.60). Till 7 
SW, the population declined marginally in different treatments; acephate 
(0.2), dimethoate (0.13), endosulfan (0.41), profenophos (0.27), 
monocrotophos (0.33), NSKE (0.58) and untreated check (0.64 
maggots/pod). The population increased further for another two weeks 
and then declined gradually till the crop reached to maturity (table 45, 
fig. 16). The parasitization commenced on 2 SW, increased gradually 
with a maximum of 71.9% (Untreated check) followed by 64.0 (NSKE), 
61.6 (profenophos), 56.2 (dimethoate), 47.8 (acephate), 34.8 
(monocrotophos) and 33.9% (endosulfan) on 12 SW (table 47 fig. 18). 
Results based on pooled analysis (table 49) indicated that the 
lowest egg population was observed in monocrotophos (0.28 eggs/pod) 
followed by dimethoate (0.34), profenophos (0.38), acephate (0.45), 
endosulfan (0.50) and NSKE (0.67 eggs/pod), significantly superior to 
control (0.83 eggs/pod). Similar were the observations with respect to 
maggot population. The treatments; dimethoate, profenophos. 
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monocrotophos, endosulfan acephate and NSKE proved to be the best. 
The corresponding figures were 0.26, 0.28, 0.29, 0.31, 0.32 and 0.35 
maggots/pod. The grain damage varied significantly from 10.8% to 
19.2% between insecticidal treatments as against 31.6% in the 
untreated check. Profenophos (10.8%) excelled the other treatments in 
reducing grain damage followed by monocrotophos (11.6%), acephate 
(12.0%), dimethoate (12.5%), endosulfan (15.4%) and NSKE (19.2%). 
Maximum grain yield (1936 kg/ha) was recorded in profenophos 
followed by dimethoate (1911 kg/ha) monocrotophos (1862 kg/ha), 
acephate (1524 kg/ha) endosulfan (1463 kg/ha) and NSKE (1240 kg/ha) 
and all these treatments were significantly superior to untreated control 
(1062 kg/ha). Maximum parasitization (17.2%) was encountered in 
NSKE, which was at par with untreated check (19.5%). However, the 
other treatments significantly reduced the parasitization as compared to 
untreated check. Endosulfan as well as monocrotophos (9.0% each) 
and acephate (12.3%) were, however, relatively unsafe. 
Discussion 
The podfly is a complicated pest to study and difficult to rear in 
artificial conditions hence, being the main barrier for multiplication and 
augmentation of its parasitoids. The impact of pesticides on natural 
enemies of podfly has not been studied so far (Shanower et al., 1998). 
Our results indicated that insecticides like dimethoate, prefenophos and 
NSKE were relatively safe to the parasitoids of podfly and also gave 
significantly better control of podfly. Endosulfan and monocrotophos on 
« 
the other hand, proved to be toxic to the natural enemies of podfly. 
Senapati et al. (1992) strengthened our outputs by reporting 
monocrotophos leaving toxic residues in grains and husk of pigeonpea. 
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Table 42. Effect of insecticides on egg population taken weekly (2000-01) 
Std. 
Week 
51 
52 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
Mean 
Acephate 
0.83 
0.59 
0.44 
0.24 
0.76 
0.68 
0.19 
0.38 
0.1 
0.52 
0.29 
0.13 
0.09 
0 
0.37 
Dimethoate 
0.67 
0.49 
0.39 
0.21 
0.68 
0.62 
0.2 
0.34 
0.2 
0.46 
0.28 
0.18 
0.13 
0 
0.34 
Endosulfan 
0.89 
0.63 
0.56 
0.39 
0.98 
0.86 
0.34 
0.73 
0.24 
0.53 
0.29 
0.3 
0.2 
0 
0.49 
Profenophos 
0.73 
0.56 
0.31 
0.29 
0.68 
0.71 
0.19 
0.29 
0.23 
0.41 
0.33 
0.21 
0.11 
0 
0.36 
Monocrotophos 
0.74 
0.6 
0.34 
0.31 
0.71 
0.73 
0.21 
0.32 
0.25 
0.42 
0.35 
0.22 
0.13 
0 
0.38 
NSKE 
1.31 
0.94 
0.68 
0.53 
1.06 
0.96 
0.38 
0.73 
0.28 
0.69 
0.36 
0.29 
0.21 
0 
0.6 
Untreated 
1.56 
1.21 
0.71 
0.68 
1.14 
1.06 
0.38 
1.04 
0.26 
0.8 
0.6 
0.3 
0.32 
0 
0.71 
Table 43. Effect of insecticides on egg population taken weekly (2001-02) 
Std. 
Week 
51 
52 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
Mean 
Acephate 
0.74 
0.68 
0.43 
0.18 
0.78 
0.79 
0.81 
0.43 
0.25 
0.53 
0.39 
0.21 
0.1 
0 
0.45 
Dimethoate 
0.65 
0.43 
0.36 
0.14 
0.62 
0.66 
0.69 
0.31 
0.13 
0.41 
0.3 
0.19 
0.05 
0 
0.34 
Endosulfan 
0.79 
0.69 
0.53 
0.25 
0.76 
0.83 
0.88 
0.44 
0.34 
0.61 
0.41 
0.31 
0.2 
0 
0.5 
Profenophos 
0.63 
0.4 
0.38 
0.21 
0.66 
0.69 
0.73 
0.38 
0.19 
0.44 
0.33 
0.21 
0.16 
0 
0.38 
Monocrotophos 
0.69 
0.47 
0.44 
0.25 
0.69 
0.77 
0.84 
0.45 
0.24 
0.52 
0.42 
0.26 
0.23 
0 
0.44 
NSKE 
1.03 
0.89 
0.74 
0.36 
0.99 
1.12 
1.01 
0.68 
0.59 
0.74 
0.58 
0.39 
0.26 
0 
0.67 
Untreated 
1.32 
1.08 
0.98 
0.58 
1.21 
1.16 
1.15 
0.96 
0.83 
0.89 
0.68 
0.53 
0.34 
0 
0.83 
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Table 44. Effect of insecticides on maggot population taiien weekJy (2000-01) 
Std. 
Week 
51 
52 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
Mean 
Acephate 
0 
0.25 
0.71 
0.59 
0.4 
0.26 
0.1 
0.4 
0.3 
0.1 
0.3 
0.32 
0.2 
0.25 
0.29 
Dimethoate 
0 
0.19 
0.56 
0.42 
0.38 
0.27 
0.2 
0.32 
0.28 
0.1 
0.24 
0.2 
0.28 
0.12 
0.25 
Endosulfan 
0 
0.28 
0.71 
0.5 
0.46 
0.34 
0.26 
0.48 
0.43 
0.24 
0.34 
0.33 
0.22 
0.25 
0.34 
Profenophos 
0 
L 0.2 
0.58 
0.4 
0.39 
0.29 
0.21 
0.34 
0.26 
0.1 
0.26 
0.21 
0.21 
0.18 
0.25 
Monocrotophos 
0 
0.22 
0.58 
0.44 
0.4 
0.31 
0.21 
0.4 
0.31 
0.15 
0.28 
0.26 
0.26 
0.22 
0.28 
NSKE 
0 
0.25 
0.73 
0.61 
0.62 
0.74 
0.31 
0.54 
0.52 
0.36 
0.5 
0.44 
0.2 
0.3 
0.43 
Untreated 
0 
0.29 
0.98 
0.8 
0.8 
0.93 
0.26 
0.64 
0.36 
0.15 
0.27 
0.54 
0.4 
0.34 
0.48 
Table 45. Effect of insecticides on maggot population taken weekly (2001-02) 
Std. 
Week 
51 
52 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
Mean 
Acephate 
0 
0.32 
0.74 
0.61 
0.43 
0.24 
0.14 
0.38 
0.2 
0.32 
0.36 
0.38 
0.26 
0.16 
0.32 
Dimethoate 
0 
0.24 
0.6 
0.45 
0.41 
0.35 
0.25 
0.28 
0.13 
0.24 
0.21 
0.28 
0.21 
0.12 
0.26 
Endosulfan 
0 
0.32 
0.72 
0.53 
0.48 
0.38 
0.27 
0.42 
0.41 
0.24 
0.34 
0.33 
0.22 
0.25 
0.35 
Profenophos 
0 
0.21 
0.63 
0.44 
0.48 
0.33 
0.21 
0.38 
0.27 
0.17 
0.23 
0.26 
0.24 
0.19 
0.28 
Monocrotophos 
0 
0.23 
0.66 
0.49 
0.51 
0.37 
0.23 
0.42 
0.33 
0.2 
0.28 
0.28 
0.26 
0.2 
0.31 
NSKE 
0 
0.28 
0.74 
0.7 
0.73 
0.78 
0.35 
0.56 
0.58 
0.42 
0.56 
0.48 
0.28 
0.32 
0.48 
Untreated 
0 
0.32 
0.83 
0.94 
0.96 
1.16 
0.38 
0.73 
0.64 
0.52 
0.54 
0.59 
0.38 
0.34 
0.59 
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Table 46. Effect of insecticides on parasitization (%) taken weekly (2000-01) 
Std. 
Week 
52 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
Mean 
Acephate 
0 
0 
3.8 
4.2 
4.6 
10 
12.1 
11.4 
21.9 
24.6 
25 
45 
57.8 
15.7 
Dimethoate 
0 
0 
4.8 
5.9 
5.8 
5.4 
16.8 
24.3 
18.9 
10 
34 
68 
66.2 
18.5 
Endosuifan 
0 
0 
1.3 
2.1 
3.5 
2 
10.2 
12.4 
15.6 
18.1 
10 
25 
26.2 
9.0 
Profenophos 
0 
0 
2.3 
4.6 
4.8 
1.5 
8.3 
10.2 
8 
15.9 
55 
60 
54.8 
16.8 
Monocrotophos 
0 
0 
1.5 
2.3 
3.3 
0.5 
4.8 
6.3 
5.8 
10.2 
24.1 
20.3 
26.8 
7.5 
NSKE 
0 
0 
3.6 
4.8 
6.9 
12.8 
14.8 
16.3 
5 
14.2 
58.1 
66.6 
70 
19.5 
Untreated 
0 
0 
6.8 
6.9 
10.8 
15.6 
15.4 
19.5 
21.9 
33.1 
41.4 
48.8 
70.2 
20.7 
TabJe 41. Effect of insecticides on parasitization (%) taken weekly (2001-02) 
Std. 
Week 
52 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
Mean 
Acephate 
0 
0 
3.6 
2.6 
5.8 
7.1 
6.2 
6.8 
10.2 
21.2 
34 
38.6 
47.8 
13.1 
Dimethoate 
0 
0 
4 
3.8 
6.9 
3.8 
10.1 
12.6 
14.1 
21.2 
36.9 
45.8 
56.2 
15.3 
Endosuifan 
0 
0 
1,8 
2.2 
2.9 
2.8 
6.1 
6.2 
10.2 
15.4 
21.1 
26.8 
33.9 
9.2 
Profenophos 
0 
0 
3.1 
3.8 
4.1 
6.9 
10 
8.6 
14.3 
24.1 
30.9 
49.8 
61.6 
15.5 
Monocrotophos 
0 
0 
1.6 
2 
3.8 
4.6 
5.9 
5.6 
9.9 
14.6 
20.9 
28.2 
34.8 
9.4 
NSKE 
0 
0 
3.8 
0 
4.8 
9.8 
10.1 
9.8 
16.3 
26.2 
34.6 
56.8 
64.9 
17.3 
Untreated 
0 
0 
4.2 
4.8 
8.0 
5.4 
10.2 
12.6 
18.1 
31.8 
40.4 
66.3 
71.9 
19.5 
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Results and Discussion 
Validation of IPM modules in farmer's field 
A glance over table 50, revealed that the egg and maggot 
population, after 15 days of first spray, were maximum (0.27eggs/pod 
and 0.67 maggots/pod) in farmer's practice but a significant reduction in 
their population was witnessed in IPM modules, exhibiting 0.13, 0.14 
eggs/pod and 0.49 and 0.51 maggots/pod in BIPM and CIPM, 
respectively. The population recorded even after 15 days of second 
spray did exhibit the same trend; 0.19 eggs/pod and 0.76 maggots/pod 
in farmer's practice, 0.09 eggs/pod and 0.43 maggots/pod in CIPM 
module and 0.16 eggs/pod and 0.67 maggots/pod in BIPM module. 
The pod damage was minimum in CIPM module (11.7%) followed 
by BIPM (20.0) and farmer's practice (28.3 %). Likewise, grain damage 
was minimum in CIPM module (11.8%) followed by BIPM (19.9%) and 
farmer's practice (24.5%). Interestingly, same trend was observed with 
respect to grain yield. The highest grain yield (1578 kg/ha) was recorded 
in CIPM followed by BIPM (1310 kg/ha) and farmer's practice 
(956 kg/ha). As far as the cost effectiveness was concerned, CIPM 
module was evolved as the most economic (1:2.75) in comparison to 
BIPM (1:2.33) and farmer's practice (1:1.99). 
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Plates 
PLATE 1 
A Freshly laid eggs by podfly inside the pigeonpea pod. 
B Initial puncture by first instar maggot of M.btusa, 
C Close view of podfly egg. 
D Maggots on damaged pigeonpea grain. 
% 
«**f«i-
PLATE 2 
A Last instar making exit hole before pupation 
B Puparia of podfly 
C Adult podfly (Close view) 
D Adult podfly in pigeonpea canopy 

PLATE 3 
A Podfly damaged pigeonpea pod 
B Podfly damaged pigeonpea grains 
C Larval parasite attached with podfly maggot 
D Larval parasite feeding on podfly maggot 
E Immature stages and adult of Euderus agromyzae 
E 
PLATE 4 
A Adult parasitoid (Eurytoma ranjithi Narendan) female 
B Adult parasitoid {Eurytoma ranjithi Narendan) male 
C Pupae of Euderus agromyzae showing variation in size 
D Adults of Ormyrus orientalis (male and female) 
B 
D 
PLATE 5 
A IPM trial showing pigeonpea + sorghum intercropping 
B Nylon cages used for podfly fecundity 
C Author observing different stages of podfly and parasites 
D Plants caged by nylon nets to prevent oviposition 
E Pigeonpea + sorghum intercropping at farmer's field 
F Cages used to study the pre and oviposition periods. 
'•f~ - -
/. .4. 
Sorghum ( (h \ 15) read} for harvest in OFAR at Ranpu 
Km 
M*vt/ ip'''^ 
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Summary 
The productivity of pigeonpea in India is constrained by various 
abiotic and biotic stresses resulting in drastic reduction in its yield. 
Among the biotic stresses, insect pests, particularly podfly, 
Melanagromyza obtusa Malloch is known to inflict heavy crop losses. 
The technology available for its effective management is far from 
satisfaction. Only a negligible number of farmers adopt pest control 
measures against this noxious pest species podfly. Us hidden nature 
inside the pod is considered to be a major factor for getting limited 
attention both from entomologists, extension workers and farmers. In 
these circumstances, the research on podfly needs to be strengthened. 
Therefore, the research work in the form of present manuscript will go a 
long way to help the farmers to choose the most appropriate method to 
contain the podfly population. 
The biology of podfly, Melanagromyza obtusa was studied in 
relation to the host. The insect completed three generations on late 
pigeonpea cultivars. There was a significant effect of resistant and 
susceptible cultivars on different biological parameters. Temperature 
also greatly affected the duration and dynamics of podfly. The 
incubation period was higher (3.35 to 4.82 days) on SL12-1 (resistant) 
as compared to Bahar (2.14 to 4.62 days) and NA1 (2.2 to 3.8 days), 
the susceptibles. Similarly, fecundity showed a significant variation 
among the cultivars in all the three generations. However, the females 
reared on different cultivars did not exhibit a significant variation in egg 
laying, when allowed to oviposit on a common host. Therefore, this 
could be concluded that the resistance in pigeonpea against podfly was 
only due to oviposition non preference. Resistant variety prolonged the 
total generation time as compared to susceptible varieties. The shortest 
generation time, 22.4 days (NA1), 22.9 (Bahar) and 29.7 (SL12-1), was 
observed in third generation. Whereas, the longest generation time was 
Summary 
recorded in first generation exhibiting 43.4, 48.6 and 51.5 days on NA1, 
Baiiar and SL12-1, respectively. The variation among the generations 
was attributed to the varying temperature, which prevailed during the 
experimental period. 
Three parasitoids; Ormyrus orientalis, Euderus agromyzae and 
Eurytoma ranjithi were recorded parasitizing M. obtusa on late 
piogeonpea. Eurytoma ranjithi Narendran was for the first time recorded 
on any host. The ormyrus orientalis was the major parasitoid causing 
parasitization as high as 14%, followed by Euderus agromyzae (7%) 
and Eurytoma ranjittii (2.5%). The parasitoids appeared in the field as 
soon as the pods and the podfly were available. The parasitization 
increased gradually and reached to its peak in 12 SW coinciding with 
the crop maturity. A significant effect of cultivars was noticed with 
respect to the overall parasitization. It was 22.5, 24.0 and 8.4% 
(2000-01) and 24.3, 25.0 and 9.3% (2001-02) on Bahar, NA1 and 
SL12-1, respectively. Variation in parasitization among cultivars with 
respect to the particular parasitoid species {Ormyrus orientalis and 
Euderus agromyzae) was also observed. Since, Euderus agromyzae is 
a larval ecto parasitoid, it might have become difficult for female 
parasitoid to insert eggs into these pods because of the constriction 
between the locules. However, the reasons for Ormyrus orientalis, a 
pupal parasitoid seem to be a mystery. It is therefore important to 
further investigate the reasons for the influence on the parasitization 
shown by cultivars. 
In order to find out the most appropriate time for the application of 
management strategies, the staggered podding behaviour of the 
pigeonpea cultivars needed to be known. Keeping in view, the podding 
behaviour of two commonly used late pigeonpea varieties (NA1 and 
Bahar), sown on two different dates, was studied. Bahar undergo two 
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flushes of podding, one prior to cold spell (2-3 SW) and other at the 
post (8-10 SW). Interestingly, the critical pod stage coincided with the 
peak egg laying of podfly and no significant change in podding 
behaviour was observed, when sown on 15 August (one month late). 
However, major contribution of pod setting was attributed to second 
flush (8-10 SW). On the other hand, NA1 showed the main flush of pod 
setting between 8-11 SWs. The late sown crop observed the same 
trend as of the timely sown crop. The podding behaviour of a particular 
variety in relation to the podfly egg laying could be useful in choosing 
the most appropriate time for the application of control measures. This 
way, the excessive use of synthetic insecticides can easily be averted. 
The population build up of podfly and its parasitoids was studied 
for two successive cropping seasons. The podfly started egg laying as 
soon as the pods appeared in pigeonpea fields. Two peaks of egg 
laying were observed, one before (2-4 SW) and other after the cold 
spell (9-11 SW). The parasitoids appeared simultaneously with the 
presence of podfly immature stages. There was a gradual increase in 
parasitization with respect to temperature and crop maturity. The eggs 
and maggots showed a negative correlation with climatic parameters as 
well as parasitoids except relative humidity. Conversely, parasitoids 
exhibited a strong positive correlation with temperature and negative 
with relative humidity. There was a cumulative effect of biotic and 
abiotic factors on the population build up of podfly. On the other hand, 
temperature greatly influenced the population build up of parasitoids. 
Evaluation of different IPM modules against podfly revealed that 
intercropping of pigeonpea with sorghum and urdbean exhibited no 
effect on podfly incidence, however, the pigeonpea equivalent yield was 
increased as compared to the sole crop. Since, the intercrops were 
harvested before the podding stage of pigeonpea, the open rows could 
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facilitate the spraying of the different treatments. The IPM modules 
tested against the podfly revealed that CIPM was the most effective in 
reducing the grain damage and increasing the grain yield which was 
also at par with BIPM and significantly superior to NIPM. Keeping in 
view the demerits of synthetic insecticides, BIPM proved to be the most 
appropriate strategy against podfly with two sprays of NSKE, a widely 
and easily available bio-pesticide. 
When the relative performance of most widely used relatively 
eco-friendly insecticides to manage the podfly was evaluated, it was 
found that dimethoate, profenophos and quinolphos, sprayed twice, 
were superior to others. Maximum yield (1660 to 2046 kg/ha) and 
minimum grain damage (13.5 to 21.6%) was recorded in these 
treatments. The other treatments also showed a significant reduction in 
grain damage and increase in grain yield as compared to untreated 
check (38.4 to 44.8). To determine the effect of plant products, it was 
found that NSKE 5%, garlic and onion 2% each, were the most effective 
against podfly. Among the commercial formulations of neem, Multineem 
(Multiplex Ltd.) and Achook (Godrej Agrovet Ltd.) proved to be the most 
promising, showing the results at par with NSKE. 
The ovipositional deterrent property of plant products was 
evaluated at 2, 5 and 10 days intervals. It was observed that NSKE 5%, 
onion and garlic (2% each), eucalyptus oil, cedar wood oil (0.2% each) 
reduced the egg laying significantly upto 5 days as compared to 
untreated control. These products, however, could not influence beyond 
5 days except NSKE that managed to reduce 50% egg laying upto 10 
days after spray. 
The most commonly used insecticides along with NSKE were 
evaluated for their performance against podfly and its parasitoids The 
results indicated a common trend of population fluctuation of podfly and 
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its parasitoids, recorded at weekly intervals. A significant variation 
between the treatments was, however, observed. The results based on 
the two successive cropping seasons revealed that profenophos and 
dimethoate were potential insecticides against podfly and also relatively 
safe to parasitoids. NSKE proved to be the safest to parasitoids being 
at par with untreated check, but was not very effective to contain podfly 
population as compared to synthetic insecticides. Endosulfan and 
monocrotophos were found toxic to the parasitoids, exhibiting a 
significant reduction (8.3 to 9.9%) in parasitization against untreated 
check (19.9%). 
The IPM modules tested in the station trials were validated in the 
farmer's fields. Two IPM modules (BIPM and CIPM) were compared 
with farmer's practice. The results revealed that both modules were 
equally effective being statistically at par with each other. The CIPM 
module was, however, the most cost effective (1:2.75). 
FUTURE THRUST AREAS 
The fact that podfly, M. obtusa is a key and most serious insect 
pest of pigeonpea and hence should receive priority in research but 
unfortunately has altogether been ignored. Podfly, M. obtusa Malloch is 
a specific pest of pigeonpea and its status as a pest has been quite 
underestimated because of being confined to the areas of northern and 
central India. The pest has thus escaped the attention of research 
workers, leading to major yelling gaps in the knowledge about this pest. 
The areas that need emphasis on research and considerations include 
mainly the attention of research workers towards this pest. As far as the 
pest is concerned, working out its population dynamics through life 
table studies will be a milestone. Development of suitable artificial 
rearing technique is a pre-requisite for any further study on the basic 
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aspects of this pest and its parasitoids. Studies on biophysical and 
biochemical basis of host plant resistance as well as genetics of the 
resistance should receive priority. The studies on tritrophic interaction 
are very important to investigate the reasons for the influence on the 
parasitization shown by cultivars. In addition, most importantly, the 
farmers need to make aware of the pest and its mode of damage. 
Neem can be a very good alternative of synthetic insecticides and is 
widely available, but needs to be introduced among the farmers as a 
good friend of them in combating this serious pest. 
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Appendix I 
All India Area, Production and Yield of Total Pulses From 1950-51 to 
2002-03 along with Percentage Coverage Under Irrigation. 
A r e a - Mi l l ion H e c t a r e s 
P r o d u c t i o n - Mi l l ion T o n n e s 
Y ie ld - K o . / H e c t a r e 
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A r e a 
2 
P rod u ctio n 
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533 
573 
598 
6 1 0 
552 
635 
567 
634 
635 
544 
609 
536 
9 
9 
9 
9 
8 
8 
7 
9 
8 
8 
8 
8 
8 
8 
9 
9 
1C 
8 
9 
9 
8 
8 
8 
7 
8 
7 
7 
7 
7 
8 
9 
8 
8 
7 
7 
8 
9 
9 ' 
9 : 
1 0 
1 0 
1 0 
1 0 
1 1 
12 
12 ! 
1 2 ; 
4 
7 
8 
2 
8 
4 
3 
1 
4 
5 
0 
1 
9 
9 
2 
4 
1.9 
7 
8 
4 
8 
8 
1 
9 
1 
9 
5 
1 
9 
8 
0 
5 
2 
5 
9 
5 
6 
4 
3 
0 
5 
7 
4 
3 
7 
3 
7 
1 1 3 
1 2 ; 
16 1 
N A 
N A 
N A 
1 
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Appendix II 
All India Area, Production and Yield of Pigeonpea or Tur (Arhar) 
From 1950-51 to 2002-03 along with Percentage Coverage Under 
Irrigation. 
A r e a - M i l l i o n H e c t a r e s 
P r o d u c t i o n - M i l l i o n T o n n e s 
Y leld - K 0 m e c t a re 
P r o d u c t i o n Y leld % C o v e r a g e 
U n d e r 
Irrio a tio n 
1 
1950-5 1 
19 6 1-52 
1962-53 
1953-54 
1954-55 
1955-66 
1956-67 
1957-58 
1958-59 
1959 
1960 
196 1 
1962 
1964 
1965 
1966 
1967 
1968 
60 
6 1 
62 
63 
66 
66 
67 
68 
69 
1969-70 
1970-7 1 
197 1-72 
1972-73 
19 7 3-74 
1974 
1976 
19 7 6 
197 7 
19 7 8 
75 
76 
7 7 
78 
7 9 
19 7 9-80 
19 8 0-81 
198 1-62 
1982-83 
198 3-84 
19 8 4-85 
198 5-86 
198 6-87 
19 8 7-88 
19 8 8-89 
198 9-90 
1990-9 1 
199 1-92 
1992-93 
199 3-94 
199 4-
1995 
1996 
1997-
19 9 8 
9 5 
96 
97 
96 
9 9 
19 9 9-2000 
2 00 0-0 1 
200 1-02 
2 002-03-
2 1 8 
2 4 5 
2 4 0 
2 4 0 
2 40 
2 2 9 
2 29 
2 36 
2 47 
2 4 3 
2 43 
2 45 
2 45 
2 52 
2 58 
2 66 
2 52 
2 6 7 
2 63 
2 6 7 
2 66 
2 35 
2 4 2 
2 6 5 
2 5 3 
2 6 7 
2 57 
2 6 3 
2 64 
2 7 3 
2 84 
3 0 0 
2 9 3 
3 2 2 
3 1 6 
3 1 8 
3 1 5 
3 3 3 
3 4 9 
6 0 
59 
63 
5 8 
5 3 
3 1 
4 5 
6 1 
36 
4 4 
4 3 
6 3 
3 8 
7 3 
1 7 2 
1 8 3 
1 7 0 
1 86 
1 72 
1 86 
1 9 9 
1 4 8 
1 7 0 
1 7 0 
2 07 
1 37 
1 58 
1 38 
8 9 
73 
1 3 
7 4 
82 
1 8 4 
1 88 
1 6 8 
1 9 3 
1 4 1 
1 83 
2 1 0 
1 7 3 
1 9 3 
1 8 9 
1 76 
1 96 
2 2 4 
1 9 9 
2 58 
2 5 8 
2 4 4 
2 2 7 
2 2 8 
2 7 2 
2 7 5 
2 4 1 
2 1 i 
2 3 3 
2 6 9 
1 4 
3 1 
6 6 
85 
7 1 
6 9 
2 5 
3 0 
1 2 
7 86 
7 48 
709 
775 
7 1 5 
8 1 4 
867 
625 
688 
700 
849 
559 
646 
649 
7 33 
678 
4 4 8 
653 
7 1 8 
690 
7 09 
7 1 8 
795 
532 
726 
786 
6 7 2 
735 
7 1 6 
64 3 
6 89 
74 6 
68 0 
80 1 
8 1 9 
76 7 
7 2 2 
68 5 
7 7 9 
763 
6 7 3 
56 8 
6 52 
762 
64 4 
67 0 
756 
5 5 1 
7 8 7 
7 86 
6 1 8 
68 1 
56 9 
0 5 
0 5 
0 6 
0 6 
3 9 
4 3 
4 2 
4 9 
4 7 
5 1 
5 5 
6 2 
4 9 
5 0 
4 4 
N A 
N A 
N A 
A d v a n c e e s t i m a t e s a s o n 0 1 0 7 2 0 0 3 
SOURCE: Federal ministry of Agriculture, Government of India 
